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INTRODUCTION

This report describes work performed by Bushnell, Pearsall and
Trozzo, Inc., under subcontract with the Institute for Defense Analyses
on Task A-1 of IDA Contract No, EMW-C- 0749 with the Federal Emergency
Management Agency. Task A-1 calls for the development of "a model
to simulate population movement during an evacuation from the risk
area to the various host areas over a transportation network."

This report describes, documents and provides a user's guide to a
system of computer routines which perform the various computations re-
quired to apply a crisis relocation model developed jointly by IDA and
BPT, Inc. The computer routines together comprise an interactive system
resident on the FEMA Univac 1108 facility. The model and its attached
national data base can be used to analyze in detail the evacuation of
risk areas anywhere in the continental United States under a wide range
of differaent assumptions regarding the assignment of reception areas and
the performance of the transportation system during the evacuation.

Section 1 of the report is a detailed description of the IDA/BPT
crisis relocation model. The four basic elements of the model are: 1)
a transportation network data base which can be accessed up to 10 states
at a time to construct regional highway networks at the county level, 2)
a crisis relocation planning submodel to compute (or accept as input) an
assignment of evacuees to reception areas, 3) a route selection and load-
ing algorithm which generates routes and computes traffic to approximate

the loadings which sould result if evacuees were free to chose their
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own routes, and 4) an evacuation simulator, which determines the location
of evacuees on the network as a crisis relocation proceeds. Section 2
is a user's guide to the programs and Section 3 is an annotated sample
run illustrating program usage, input and output. Supporting material

is contained in five appendices.
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1.0 Description of the Model

The IDA/BPT crisis relocation model consists of four major components

each with its own distinct function and its own set of computer routines.

These components are:

1.

A transportation network in the form of a national data
base describing the U.S. highway system and providing
information at the county level on population, area, and
risk. The computer routines allow users to assemble,
store and retrieve regional networks comprising up to 10
states.

A crisis relocation planning submodel enabling users to
directly input an evacuation plan or to compute a plan
as the solution to a transportation problem constructed
at the user's direction.

A route seleciion and loading algorithm which generates

routes and assigns traffic to the routes in a way which
approximates the loadings which would actually result if
evacuees were free to choose their own routes and received
accurate traffic information during a crisis relocation.

An evacuation simulator designed to show the location of
evacuees and the traffic distribution on the highway net-
work at various elapsed times from the start of an
evacuation.




1.1 The Transportation Network

The BPT/IDA model incorporates a national data base describing the
U.S. highway system and providing other information at the county level.

‘ The data base was originally assembled by IDA in 1981 under a FEMA

contract. Further information on county areas, 1980 population and

vulnerability to attack was added by BPT under the subcontract.
In its present form the data base consists of three files holding
the following:
Node File - Information for a set of approximately 3700 locations
coinciding with population centroids and interchanges on the
highway system. At least one node is located within each county
in the continental U.S.
Link File - Information for a set of approximately 8700 two-
way segments of highway joining nodes within the continental
u.s.

Map File - A short file indicating the location of the infor-
mation for each state within the Node and Link files.

Annotated partial dumps of the Node File and the Link File are provided

in Approdix 4.5. A complete listing of the Map File is also given in

the appendix.
The Node File contains the following items for each location in the

data base:

® the location's 5-digit state/county FIPS code. The first
2 digits of the code designate the state; the last 3
digits designate the county within the state.

® a single-digit sequence number for the location within the
county. A sequence number zero (0) indicates the popu-~
lation centroid for the county. Every county in the
continental U.S. has a single population centroid and may
have additional nodes at important highway intersection
points.
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The Link File contains the following items for each two-way segment

northing and easting; the number of miles north and east
from a reference point set beyond the southwest boundary

of each state.

a flag indicating whether or not the location is a major
urban center (1 = urban, 0 = nonurban).

place name; the name of the closest city, town or village.

county name.

latitude and longitude in degrees. Additionally, for
nodes that are county population centroids, BPT has added

the following items:

- population of the county according to the 1980 Census.

-~ area of the county in square miles.

~ a 2-digit code corresponding to FEMA's classification
of the county for crisis relocation planning purposes.
The first digit classifies counties according to risk
in a countervalue attack as follows:

county not at risk

(A) county evacuation plan exists

(B) major metropolitan center; high risk
(C) intermediate-sized city; moderate risk

S LWN-EO
|

The second digit is a flag designating counties which
have significant counterforce targets within their

boundaries.

of the transportation network:

the 5~digit FIPS code and sequence number for each end
of the segment.

the northing and easting of the two ends of the segment.

a 2-digit code indicating the characteristics of the
highway segment. The first digit designates the highway

as 1 - Interstate, 2 - a U.S. Route, or 3 - a State Road.

The second digit classifies the highway segment as
follows:

- (D) small city or military installation; lower risk




6~lane Interstate

4~lane Interstate

4~lane limited access highway
4~lane unlimited access highway
2~lane primary road

2-lane secondary road

2-lane poor quality road

N PN
[}
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L4 the Interstate, U.S. Route or State Road number.

For purposes of analyzing transportation problems during a crisis
relocation, it is rarely necessary to perform the computations in a way
which treats the continental United States as a single inte~rated unit.
The movementsof, say, Michigan's urban residents along th: state's
highways have little practical impact upon similar movemer in New York
or California. Consequently, an evacuation of Michigan's cities
can be effectively studied within the context of a regional network en-
compassing Michigan and, possibly, several neighboring states. The IDA/
BPT model is designed to economize on computer storage and processor
time by utilizing only those parts of the national transportation data
base which are relevant for a particular application.

The model operates on regional networks of up to 10 states which are
assembled state by state from the information contained in the national
data base. The states that are included in a single region need not be
contiguous although one would normally expect them to be so.

In order to facilitate later computations, a certain amount of pre-
processing is performed on the node and 1link information culled from the
national data base as a regional network is assembled. Nodes are re-
numbered sequentially and link endpoints are aquated to the renumbered
nodes. Each bi-directional highway segment of the data base is also
recast as a pair of uni-directional links. These links are then sorted

by origin so that the data for all of the links with a common origin
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(or destination, since the network is symmetric) can be retrieved
sequentially.

Finally, the distance, speed and capacity of each link is computed
using the information from the data base and parameter values supplied
by the model user:

Distance - Link distances are computed as the straight line

distance between the end points of each link using the

northings and eastings from the Link File.

Speed - Speeds are assigned by road categories as follows for
normal (nonevacuation) movements along the network.

Class 1-3, Interstates and other 4~lane limited access
roads - 55 mph.

Class 4, Primary unlimited access 4-lane - 45 mph.
Class 5, Primary unlimited access 2 lane - 40 mph.
Class 6-7, Secondary and poor quality roads - 30 mph.

Speeds for crisis relocation (evacuation) movements are sup-
plied by users for the same road categories.

Capacity - For normal movements the network is regarded as un-
capacitated; for crisis relocation the user supplies parameter
values for the vehicles per lane per hour using the same road

categories as speed. These values are multiplied by the num-

ber of lanes to obtain the capacitv in each direction.

The number of lanes available in each direction is partly a function
of traffic control during an evacuation. Users of the IDA/BPT model may
choose among three options for controlling traffic during an evacuation.

Normal Traffic Control - Two-way traffic on all highway seg-
ments. The number of lanes in each direction is one~half the
number of lanes given in the dat: base.

One-Way Outbound Traffic Control - One-way traffic on all con-
gested highway segments. All lanes of these segments are
assigned to the outbound link. Inbound links for these high-
way segments are assigned zero capacity.

Variable Lanes Traffic Control - All lanes are available to
traffic in both directions. 1In effect, the model combines

the traffic and available capacity in both directions along
a highway segment.
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Since the assembly of a regional network from the Node, Link and
Map files is a somewhat tedious job, the computer program which imple-
ments the model provides for the storage and retrieval in preprocessed

form of up to 10 regional networks.




1.2 The Crisis Relocation Planning Submodel

Within the IDA/BPT evacuation model, a crisis relocation plan is
functionally defined as a set evacuation/reception county pairs and the
numbers of evacuees to be relocated from the evacuation counties to the
reception counties. Users of the model have the option of specifying
the evacuation plan directly or supplying other information from which
a linear program is constructed and solved to obtain an evacuation plan.
This section describes the computation of an evacuation plan which con-
forms to criteria specified by the model user.

The linear program which is solved to obtain an evacuation plan is
known, technically, as a transportation problem. Formally, the problem
has the following mathematical statement: Let i = 1, M designate origin
counties, j = 1, N designate destination counties, and Xij denote the
number of evacuees to be relocated from origin i to destination j. Let

S i = 1, M be the numbers of evacuees to be relocated from the evacua-

i
tion counties, let Dy, J = 1, N be the capacities in numbers of evacuees
that can be accommodated in the reception counties and let tij be the time
it takes to travel over the transportation network from evacuation county
i to reception county j. Then, the linear program which is solved to

obtain an evacuation plan is:

Find: X, > O for all i and j

13
To Minimize: 2 t . X
i ij 713
Subject to: X > S for all i

i

X < Dj for all j




An efficient algorithm for solving transportation problems has been
incorporated into the computer routines which implement the IDA/BPT
transportation model. This algorithm is applied to solve transportation
problems which are constructed employing information supplied by users.
The nonzero components of the solution to the transportation problem con-
stitute an evacuation plan.

The elements of the transportation problem which are specified
directly or indirectly by users of the IDA/BPT model are the evacuation
counties and the number of evacuees, S;, 1 = 1, M, and, the reception
counties and the reception capacities, Dj, j =1, N. The times, tij’ are
computed as the normal travel times over the regional highway network
from the population centroids of the evacuation counties to the popula-
tion centroids of the reception counties. The times are determined for
normal speeds over the shortest route. The rationale for inserting
normal travel times into the transportation problem is, first, that the
generally slower speeds of travel during an evacuation have little effect
on the choice of the shortest routes and, second, a great deal of traffic
at normal speeds can be expected following the relocation between an
evacuation county and its reception counties. This traffic is necessary
to support the relocated population and, possibly, to maintain production
and services within the evacuated county.

A list of evacuation counties together with the number of evacuees
from each county can be specified directly by the user. Alternatively,
evacuation counties in a region can be selected according to risk cate-

gories given in FEMA's Crisis Relocation Conglomerate Listing. These

categories are:




counties for which crisis relocation plans already exist;
usually because a major military installation is located
within the county.

the most densely populated counties; counties containing major
metropolitan areas which could be targeted in the event of
an attack.

heavily populated counties; usually the counties contain
a major city with a population of several hundred thousand.

less densely populated counties; counties containing
either a concentration of population and industry or a
military installation which could make the county a
target in the event of an attack.

The IDA/BPT model allows users to specify evacuation counties as 1) all

A counties, 2) all B counties, 3) all B and C counties, 4) all A, B, C

and D counties. In addition, FEMA's Crisis Relocation Conglomerate

Listing designates those counties which would be threatened in the event

of a counterforce attack. These counterforce targets can be added to

the list of evacuation counties by users of the model.

The number of evacuees from each evacuation county selected in this

way is computed using a set of rules as follows:

1.

If counterforre targets are included in the list of
evacuated counties, then all counties with counterforce
targets are completely evacuated. The number of
evacuees is set equal to the county's 1980 population.

All other counties are evacuated down to the point where
the remaining population meets both of the following
criteria:

a. The population following evacuation does not exceed
a percentage of the county's residents specified by
the user, e.g., 10 percent.

b. The population density does not exceed a number of
people per square mile specified by the user, e.g.,
200 people per square mile.

The designation of reception counties is similar to the designation

of evacuation counties. Again, users have the option of directly




specifying these counties and their capacities to hold evacuees.

Alternatively, the following rules can be applied to establish a list

of reception counties:

1.

1.

No evacuation county is simultaneously allowed to serve
as a reception county.

No county is permitted to be a reception county if its
resident population density is less than a specified
minimum value such as 10 people/square mile. The pur-
pose of thf minimum density is to exclude as reception
counties areas such as mountains and deserts which cannot
support significant numbers of evacuees.

No county is permitted to be a reception county if its
resident population exceeds a specified maximum value

such as 500 people/square mile. The maximum density

limit enables the model user to exclude counties which

are already heavily populated by . have not been designated
as evacuation counties.

All counties within a region which are not excluded by 1-3 above
are included as potential reception counties. The number of evacuees
each potential reception county can hold is computed according to the

following criteria:

The population of a reception county following an evacuation
cannot exceed a user-specified multiple of the county's
original population. For example, a multiple of three
would limit the capacity of i1eception counties to no more
than two evacuees for each resident. By limiting recep-
tion capacity in this way users can prevent the model from
assigning more evacuees to a reception county than the

local infrastructure can support.

The population density following the evacuation does not
exceed a number of people ., r square mile stipulated by

the user, i.e., 500 people/square mile. This maximum

limit lets users prevent the creation of potential counter-
value targets in reception counties.

The model also allows users to establish a geczraphic band of pre-

ferred reception counties around each evacuation county.

outer limits of these bands are stipulated by the model user in the form

The inner and

of a minimum and a maximum normal travel time. For example, limits of




one-half hour and two hours would have the effect of establishing a band

of preferred reception counties within commuting distance of most popu-
lation centers.

The travel time limits are used to modify the coefficients, t,., of

ij
the transportation problem. If the normal travel time between an evacua-
tion county and a reception county falls outside the limits, then 1,000
hours is arbitrarily added to the normal shortest route time between the
two counties. The effect of this change is to make the model select
evacuation plans in which the reception capacity within the preferred
counties is entirely used up before any evacuees are assigned to reception
counties outside the travel time limits. In the example given, the solu-
tion to the transportation problem would strongly favor assignments of

evacuees to reception counties between one-half hour and two hours normal

travel time from their homes.
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1.3 The Route Selection and Loading Algorithm
The heart of the IDA/BPT crisis relocation model is an efficient
algorithm for finding routes along the regional transportation network
and then determining the traffic the routes would carry during an actual
evacuation. The end product of the route selection and loading algorithm
is a list of routes, no-less-than one for each evacuation/reception
county pair in the crisis relocation plan, with an assignment of traffic
to the routes such that for any given evacuation/reception pair:
1. all evacuees from the evacuation county to the reception
county are assigned to one of the routes comnecting the
population centroids of the two counties.
2. all routes assigned traffic are equivalent in terms of
average total transit time. Total transit time consists
of actual travel time from origin to destination plus
the length of the average delay imposed by the most con-
gested link along the route.
3. all other possible routes have longer average total
transit times than those which are assigned traffic by
the model. (NOTE: See comments on setting the delay
time termination limit.)
In brief, the algorithm contained in the IDA/BPT model selects routes and
loads them in a way which approximates the loading which would result
if evacuees were aware of the travel and delav times occurring on the

network and were free to choose their own routes.

Normally, the U.S. highwav svstem is un.oneested excert for certain

links at well-known hours, {.e., the cecrze washingt o Hrigge 4t roash
hour and U.S. Route 30 between washingt o st Moy, e rdas after
noons during the summer. Howeuvsr, o r:isi oL T e 1t ate

would place such extraordinar. teman . .- _ .
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congestion of major outbound highways would become the rule rather than
the exception. This fact has two important implications for evacuation
studies and plans. First, the technical characteristics associated with
highway usage such as average speed and lane capacity can be expected to
degrade and should be somewhat influenced by traffic control during an
evacuation. Second, roundabout routes which would ordinarily be of
little interest become important as alternatives to the heavily congested
shortest routes.

The IDA/BPT model allows users to stipulate the major performance
parameters of the highway system during an evacuation. These performance
parameters are:

1. Vehicles/lane/hour for four highway categories: Class

1-3: Interstates and other 4-lane limited access roads,
Class 4: Primary unlimited access 4-lane highways,
Class 5: Primary unlimited access 2-lane highways,

Class 6-7: All other roads.

2. Average speeds of movement in miles/hour for the same
four highway categories.

3. Traffic control; three options are available: normal
two-way traffic, one-way outbound traffic on congested
links and, variable lanes control in which the traffic
and capacity in both directions along a segment is pooled.

4., Average number of passengers per vehicle. The number of
passengers per vehicle is used to convert evacuees to
vehicles along routes, Normally, the number of occu-~
pants per vehicle is low, between one and two. However,
enforced car pooling, intensive busing and the fact that
families would typically evacuate as a unit should raise
the average during an evacuation.

5. Normal evacuation time in hours. It would take time to
effect an evacuation even if the highway system imposed
no additional delays. Evacuees must be informed that an
evacuation is underway, they must assemble with their
families, do a necessarily minimal mount of preparation
and then begin the evacuation by travelling on local
roads to the major arteries of the highway system. The
time it would take for the last evacuees to reach the
highway system and begin moving outbound is the nominal
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evacuation time. Half the nominal evacuation time is
the average delay encountered by evacuees just reaching
the regional transportation network.

Formally, a route is defined as a sequence of links wiich begins at
the population centroid of an evacuation county and ends at the centroid
of a reception county. The total transit time for a route is composed
of two parts as follows:

1. Average travel time: the total time required to travel

the route computed as the sum of the times required to
cross each link at the speed established for the links by
the model user.

2. Average delay time: one-half the lessor of the nominal

evacuation time or the length of the delay imposed by the
most congested link on the route. The delay imposed by

a link is computed from the formula:

Average delay _ number of evacuees traversing the link/passengers per vehicle
in hours vehicles per lane per hour x number of available lanes

The number of evacuees traversing a link is the sum of
all evacuees assigned to routes which include the link
(in both directions for variable lanes).

The route selection and loading algorithm is an iterative process
in which route generation and network loading are alternated until no new
} routes can be found to improve the solution.

Step 1 - Initialization; all links on the regional transpor-
tation network are unblecked and may be included in routes.
The list of routes is empty.

Step 2 - Route generation; the shortest route following an un-
blocked sequence of links is generated for each origin/
destination pair of county centroids in the relocation plan.
The method used to generate the best route from an evacuation
county to a reception county is described below. A route is
added to the route list if it does not duplicate a route
already on the list and its transit time is shorter than the
transit times of the routes already on the list for the same
origin/destinaticn pair.

Step 3 - Route loading; if no new routes are added to the
route list in Step 2, the algorithm terminates. Otherwise,
loadings for the new list of routes are computed using an

iterative method for assigning traffic to a given set of
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routes., The iterative method is described below. It con-
verges fairly rapidly on a route loading which equalizes
total travel times for all routes connecting the same
origin/destination pairs. (If Step 3 is being executed

for the first time, then the route loading is computed
simply by assigning the evacuees for each origin/desti~-
nation pair to the single route on the route list for

that pair.)

Step 4 - Link blocking; the network is scanned for the
unblocked link with the longest average delay time implied
by the route loadings of Step 3. This link and all other
links with comparable delay times are blocked. In practice
all links with delay times of 90 percent or more of the
longest average delay time are blocked. Blocking a link
removes the link from the network only for the purpose of
generating routes in Step 2. Blocking links has the effect
of forcing the route generator to find link sequences which
avoid those parts of the network which will cause delays
during an evacuation.

Step 5 - Link list editing; if the longest average delay

time found in Step 4 is less than a user~specified delay

time termination limit, the algorithm terminates. Other-

wise, the link list is edited by deleting unloaded or highly

loaded routes with transit times which significantly exceed

the transit times on loaded routes between the same origin/

destination pair. The algorithm then returns to Step 2.

Routes are generated in Step 2 by applying an efficiently programmed
version of the well-known Ford~Fulkerson method for finding the shortest
route between twu points along an uncapacitated network. The algorithm

is more-than-adequately described in many operations research textbooks,

for example, Principles of Operations Research by Harvey M. Wagner.

(2nd edition, 1975, Prentice-Hall, Englewood Cliffs, N.J.)
Basically, there are two phases to the computations. First, the shortest
time to the destination node is determined for every point on the network.
These times are then used in the second phase of the algorithm which is
to determine the actual shortest route from any given origin to the
destination.

The efficient programming of the algorithm is made possible by the
presorting of the network links described earlier. This device for

speeding computations was developed by BPT in a previous project for the
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Department of Transportation of the State of Michigan. The presorted
network simplifies the computations in both phases of the Ford-Fulkerson
method by allowing the link list to be processed sequentially in segments,

In applying the Ford-Fulkerson method to generate routes in Step 2,
the usual computational roles of the origin and destination are reversed.
Times are computed from every point on the network to each evacuation
county and routes are generated as though evacuees were moving from
reception counties to evacuation counties. Since the network is symmetric,
routes generated in this way are identical when the link sequence is
inverted to those which would be generated if origins and destinations
were not reversed. However, the reversal of the origins and destinations
speeds computations since the first phase of the Ford-Fulkerson method
is performed once for each evacuation county rather than once for each
reception county, Ordinarily, there are far few evacuation counties
than reception counties.

Route loading is performed in Step 3 of the algorithm by employing
a simple iterative process. The process begins with the route loading
from the previous execution of Step 3. Transit times for each route on
the route list are computed using this initial loading. The route with
the shortest transit time for each origin/destination pair is determined
and a provisional network loading is constructed by assigning all of the
evacuees for each origin/destination pair to the route with the shortest
transit time. A new network loading is now obtained by forming a
weighted average of the original network loading and the provisional
network loading.

The process is now repeated with the new network loading replacing

the network loading used to initiate Step 3. A new provisional loading
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is constructed, a new weighted average is formed, and the new network
loading is used to initiate another cycle of the process.

The process is continued for a fixed number of iterations. The
weights which are used to form the weighted average are a function of
the number of iterations. Let N be the number of iterations, then the
weight applied to the provisional loading at iteration N is given by
W=2/(N+ 19) and the weight for the original loading is 1-W. One
hundred iterations are performed for each execution of Step 3. At the
termination of the route selection and loading algorithm an additional
four hundred iterations are performed to refine the final network loading.

The overall route selection and loading algorithm terminates if
either one of two conditions exist. These are:

1. 1In Step 1, if the route generator fails to find any new
routes to add to the existing route list. After several
iterations through Step 4 the regional highway network
tends to get reduced and disconnected. At some point so
many links may be blocked that there exist no new routes
meeting the criteria for inclusion on the route list in
Step 1.

2. 1In Step 4, if the delay times on all of the remaining
unblocked links in the network are less than the delay
time termination limit. TIf the delay time termination
limit is set less than or equal to half the nominal de-
lay time then the algorithm will not stop until there
are no more routes with longer average total transit
times than those which are assigned traffic by the model.
If the delay time termination limit is set higher than
half the nominal delay time then the algorithm will
terminate earlier with fewer routes. However, since
the algorithm generates the best routes first there is
frequently little to be gained by carrying computations
to the point where every possible route has been examined.
Usually, a good computational strategy is to set the
delay time termination limit above half the nominal
delay time but at a level which is still small in compari-
son to the delays likely to be encountered by evacuees
on the most congested links of the network.
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1.4 The Evacuation Simulator

The IDA/BPT model enables users to perform a computer simulation of
an evacuation conducted according to a previously generated set of routes

and route loadings. The simulation provides a picture of the progress

of the crisis relocation at intervals of 2, 4, 6, 8, 12, 16, 20, 24, 32,
40, 48, 60, 72, and 84 hours after the start of the evacuation.

The simulation is performed route by route by determining the loca-

tion of evacuees at each of the elapsed times given above. Evacuees are

assumed to embark on each route in a steady stream commencing at time zero
and lasting for twice the length of the average delay time for the route.
The number of evacuees embarking per hour is the total number of evacuees
assigned to the route by the route loading algorithm divided by twice the

average delay time. The rate at which vehicles are fed onto the route is

obtained by dividing the number of evacuees per hour by the average number

of passengers per vehicle. In effect the delay which attaches to the use

of a route is imposed on evacuees at the start of the route and not at

the location of the most congested link which would actually be respomsible

for the delay.

The stream of evacuees using a particular route is of a fixed length

in time and volume in vehicles per hour. As this stream proceeds out

over the route towards its destination in a reception county the links
along the route are successively entered, covered and exited by the stream
The situation for a typical time in mid-evacuation is shown

of vehicles.

below. The arrow represents the stream of vehicles using the route. 1Its
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progress along the route is governed by the speeds of movement on the
sequence of links that form the route. When the stream completely covers
a link, such as line 2, the volume of the stream is added to the traffic
using the link. Where a link is only partly covered, such as links 1 and
3, a proportion of the volume equal to the fraction of the link which is
covered by the stream, is added to traffic on the link. A record is also
kept of the numbers of evacuees not yet departed from the evacuation
county and already arrived at the reception county.

The status of the crisis relocation at each interval of time is
summarized for model users in a series of tables which display:

e The status of all evacuees as at risk (unevacuated), en
route or at distination.

e The distribution of departures by evacuation counties.
e The distribution of arrivals by reception counties.

e The distribution of traffic on the regional highway
network.




2.0 User's Guide to the Computer Program

The IDA/BPT crisis relocation model has been programmed in FORTRAN
and made available, together with the data files comprising iis data
base, on FEMA's Univac 1108 computer.

All of the model's source data and source programs are available as
public files on the Univac 1108. Procedure files which may be added to
the run stream to compile, assemble and execute the source programs are
listed in the aprendix.

The computer program is designed for interactive usage from a suit-
able computer terminal signed on to the Univac 1108 in the demand process-
ing mode. A suitable terminal should have a BAUD rate of 300 or greater
and be capable of printing single lines of 132 characters. After signon,
users should set the line length to 132 characters with an @@TTY or @@DCT
command. FEMA users may run the IDA/BPT computer program by adding three
prepared files of commands to the run stream with the commands:

@@ADD BPT * EXECUTE. COMPILE

@@ADD BPT * EXECUTE. ASSEMBLE

@@ADD BPT * EXECUTE. RUN
The commands must be executed in the order given. The first command
compiles the ASCII FORTRAN source code., The relocatable object code is
stored in a temporary file named OBJECT. The second command assembles
the relocatable object code in an element named OBJECT. MAIN. The third
command links the source data files to the channels 8, 9 and 10; links
channel 7 to a temporary file named "ROUTES" and links channels 11

through 20 to temporary files named FILEll, FILEl12, etc. which can be

20
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conveniently referenced by their channel numbers. The program is then

run.

We have attempted to make the operation of the model as self-evident
and forgiving to a terminal user as possible. Thus, users are always
prompted with an appropriate question or request at all points where the
program requires user-supplied information. In addition, a sufficient
amount of terminal output is supplied to enable users to verify input

values and to confirm the completion of major computational segments.
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2.1 Master Control Sequence

Subject to several sequencing rules, the order in which the major
components of the IDA/BPT model are exercised is under the control of
the user. The computer program always begins by reproducing the follow-
ing listing of control options at the terminal:

- Repeat List of Control Options

- Input/Compute Crisis Relocation Plan

- Run Route Finding/Loading Algorithm

- Simulate the Evacuation

- Assemble Network from Source Files

Read Stored Network

-~ Save Network

- Reassign Input Channel for Parameter Values
- Reassign OQutput Channel for Summary Tables
- Reassign Output Channel for Route Listing
- Terminate Program

OOV WO
]

0

After execution of major program segments, the program always returns to
the master control sequence with the following printed request:

INPUT CONTROL OPTION  NUMBER
The user’s response at the terminal determines the next major program
operation subject to the following sequencing restrictions:

1. Options 1 and 6 cannot be selected until after either
Option 4 or 5 has been executed.

2. Option 2 cannot be selected until after Option 1 has been
executed and a crisis relocation plan input or computed.

3. Option 3 cannot be selected until after Option 2 has
been executed and a route loading has been computed.

Since exercising control options often causes the loss or destruction
of internally stored computational results, the program requires the

verification of control option numbers with the request:




CONTROL OPTION n TYPE "OK" TO EXECUTE

The response "OK" leads directly to execution of the option; any other

response recycle the master control sequence.
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2.2 Input/Output Channel Options

The program receives parameter values, prints summary tables
following most major computational segments and prints detailed list-~
ings of routes on completion of the route finding/loading algorithm.
Initially, parameter values are input via the terminal (channel 5),
summary tables are printed at the terminal (channel 6) and route list-
ings are sent to a temporary file named "ROUTES" which is attached to
the channel 7 and can be referenced by users as "7."

These assignments can be altered by selecting Options 7, 8 or 9.
Following selection of each of these options, a request for a channel
number is printed at the terminal:

INPUT‘ NEW CHANNEL NUMBER (5 or 6 = TERMINAL)

Assignments of new channel numbers must obey the following rules:

1. Parameter values may be input through channel 5 and
channels 11 to 20.

2. Summary tables and route listings may be output through
channel 6 and channels 11 to 20. The route listings
may also be output through channel 7.

3. Different channels must be used for parameter values,
summary tables and route listings.

If a channel other than 6 (the terminal) is designated for the sum-
mary tables, copies of the very short tables which are printed at the
terminal are also output through the summary table channel. Summary
tables which are output through channels other than 6 are also numbered.
The numbering system follows the numbering of the control options. Fol-

lowing is a complete list of the tables produced by the program:

——
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Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

1.0

1.2
2.0
2.1
2.2
2.3
3.0
3.1
3.2
3.3
4.0

4.1

Crisis Relocation Input Parameter Summary
Evacuation/Reception County Lists
Evacuation/Reception County Pairs

Network Finding/Loading Parameter Summary
Algorithm Iteration Record

Route Characteristics and Loadings

Route Listings

Simulation Summary

Evacuation Departure Summary

Reception Arrival Summary

Network Link Characteristics and Loadings
Regional Network Assembly

Population Centroid List
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2.3 Network Assembly, Storage and Retrieval

Control Options 4, 5 and 6 provide users with the abilitv to
assemble regional transportation networks from the source data files,
save assembled networks and retrieve previously-saved networks.

Under Option 4 regional networks of up to 10 states can be assembled
from the source files comprising the model's data base. The size of
the regional network is limited to no more than 500 nodes and 2,000
one-way links. This is sufficient to accommodate most regional networks
of interest and the limits can readily be expanded if necessary.

To assemble a regional network, the user :nust specify the number
of states to be included in the network and the FIPS numbers for the states
in response to the requests:

INPUT THE NUMBER OF STATES IN THE  REGION

and

INPUT n  STATE  NUMBERS
A directory of states listed by FIPS number is displayed in the table on
the following page. The state's FEMA region number is also shown as an
aid to users. The computer program echos the FIPS numbers and names of
states to be included in an assemoled regional network. Users must verify
the list of included states by replying "OK” to the request:

TYPE "OK" TO ASSEMBLE NETWORK

As nodes and links are assembled for each state from the Node File
and the Link File, a short message is printed at the terminal. If more
than 500 nodes or 2,000 links are found, an error message is printed and

the network assembly is aborted. Occasionally, a link is read with
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TABLE: State Directory
FIPS State/District FEMA FIPS State/District
No. Name Region No. Name
1 Alabama 4 29 Missouri
2 Alaska 10 30 Montana
3 31 Nebraska
4 Arizona 9 32 Nevada
5 Arkansas 6 33 New Hampshire
6 California 9 34 New Jersey
7 35 New Mexico
8 Colorado 36 New York
9 Connecticut 37 North Carolina
10 Delaware 38 North Dakota
11 Dist. of Columbia 39 Ohio
12 Florida 40 Oklahoma
13 Georgia 41 Oregon
14 Guam 42 Pennsylvania
15 Hawaii 43 Puerto Rico
16 Idaho 1 44 Rhode Island

17 Illinois
18 Indiana

45 South Carolina
46 South Dakota

19 Towa 47 Tennesee
20 Kansas 48 Texas

21 Kentucky 49 Utah

22 Louisiana 50 Vermont
23 Maine 51 Virginia

24 Maryland

25 Massachusetts
26 Michigan

27 Minnesota

28 Mississippi

52 Virgin Islands
53 Washington

54 West Virginia
55 Wisconsin

56 Wyoming

SNV WD NNUVULOOVY RSP WWE®

FEMA
Region
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endpoints which cannot be matched to any location on the node list.
When this occurs a one~line message is printed and the network assembly
is allowed to continue. When the data assembly is completed the total
numbers of nodes and links in the regional network are printed and the
network is sorted.

Up to ten regional networks can be sorted in ready-to-use form on
files attached to channels 11 through 20. Option 6 stores an assembled
network and Option 5 retrieves one which was previously stored. Users
must supply the program with a channel number. When a network is re-
trieved, the program lists the states included in the region and the
number of nodes and links in the network.

Following the assembly or retrieval of a regional network, users
are given an opportunity to list the information pertaining to the popu-
lation centroids in the region. The response "YES" or just "Y" to the
question:

LIST THE POPULATION CENTROIDS (YES OR NO)?
results in the production of Table 4.1 presenting the data from the node

file for each centroid.

d
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2.4 The Crisis Relocation Plan

Control Option 1 directs the program to obtain a new crisis
relocation plan either directly from the user or by constructing and
solving a linear program (the transportation problem) according to
directions. A simplified flow chart for this segment of the program is
presented on the next page.

The interactive sequence begins with:

INPUT EVACUATION PLAN (YES OR NO)?
To directly input an evacuation plan a user responds "YES" or just "Y."
Any other response is interpreted as a "NO." If the response is "YES,"
the program then requests from the user a list of numbers, three num—
bers for each evacuation/reception county pair in the crisis relocation
plan:

FOR EACH PAIR  INPUT: EVACUATION COUNTY NO.,

RECEPTION  COUNTY  NO., NUMBER OF PEOPLE
The three numbers for each pair must be typed on a single line and
separated by commas. The county numbers are 5-digit state/county FIPS
codes. Example: The line
26163, 26115, 100000 '

calls for the relocation of 100,000 people from Wayne County (26163)
Michigan to Monroe County (26115). The program echo checks information
as it is input. If a nonpositive number is input for the evacuation
county, the result is to delete the immediately preceding evacuation/
reception pair. To terminate the input sequence for the crisis reloca-

tion plan, the user types the line:
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999, 999, 999
The program prints the whole plan and returns to the master control
sequence.

If the crisis relocation plan is not input directly, the program
computes one by constructing and solving the transportation problem
described in 1.2. First, users are given the opportunity to directly
input the evacuation counties and the number of evacuees from each
county:

SPECIFY  EVACUATION  COUNTIES (YES OR NO)?

I1f the user answers "YES" or "Y,"

the program interrogates the user as
follows:
FOR EACH EVACUATION COUNTY  INPUT:
COUNTY NO., NUMBER OF PEOPLE
For each evacuation county the user types the county's 5-digit FIPS code
and the number of evacuees from the county separated by a comma. For
example:
26163, 2000000
instructs the program to treat Wayne County (26163) as an evacuation
county with 2,000,000 residents to be relocated. The data is echo
checked on input, a nonpositive county number deletes the previously
input evacuation county, and the input sequence is terminated by typing
the line:
999, 999
If the user does not directly specify the evacuation counties, then
they will be indirectly specified by a set of controls and parameter
values which must be provided by the user in response to a series of

information requests appearing at the terminal:
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INPUT  VULNERABILITY GROUP CODE (1 TO 4)
The user supplies the first digit of FEMA's crisis relocation county
classification system. All counties with a first digit which is less
than the supplied parameter value (except for A counties) are considered
evacuation counties, i.e., the response "3" has the effect of treating
all B and C counties as evacuation counties.
INPUT MINIMUM PERCENT TO BE  EVACUATED
The user supplies a number in the range 0-100. This percentage is ap-
plied to each evacuation county’s 1980 population to determine the
minimum number of evacuees.
EVACUATE  COUNTERFORCE  TARGETS (YES OR NO)?
If the user responds "YES" or "Y' then all counties which have signifi-
cant counterforce targets, as indicated by the second digit of the FEMA
classification code, are added to the list of evacuation counties. All
of the populations of counties with counterforce targets are evacuated.
INPUT POST  EVACUATION MAXIMUM  DENSITY 1IN
EVACUATED COUNTIES IN PEOPLE/SQUARE MILE
The number supplied is compared to the normal population density of each
evacuation county. If the normal density exceeds the maximum, then the
number of evacuees required to reach the maximum density is computed.
This figure is then compared to the number of evacuees previously com-
puted using the minimum percentage. The larger of the two numbers is
retained as the number of eva uees from the county.
A similar sequence is followed for reception counties and their
capacity to hold evacuees. To directly input reception counties and
capacities the users answers "YES" or "Y" to:

SPECIFY THE  RECEPTION  COUNTIES (YES OR NO)?

[rm—— p—— Jr———




For each reception county, the user supplies the county's 5-digit FIPS
code and the number of places for evacuees in the county. For example:

26115, 100000
indicates that Monroe County (26115) is a reception county capable
of accommodating 100,000 evacuees. The data is echo checked on input, a
nonpositive county number deletes the previously input evacuation county,
and the input sequence is terminated by typing the line:

999, 999

If the reception counties are not specified, then & set of controls

and parameter values are used to identify reception counties within the
region.

INPUT  MINIMUM, MAXIMUM  PRE-EVACUATION RECEPTION

AREA  DENSITY IN PEOPLE/SQUARE MILE
Two numbers, separated by a comma, are typed at the terminal. The list
of non-evacuation counties is then scanned for counties whose 1980 popu-
lation densityv falls within the stipulated limits. Such counties are
included on the list of reception cnunties. For example, the response:
20, 500

would limit the selection of reception counties to those with 1980 popu-
lation densities between 20 and 500 people/square mile. The lower limit
serves to exclude areas such as mountains and deserts which cannot sustain
evacuees while the upper limit excludes counties which are densely popu-
lated but have not been selected for evacuation.

INPUT  MINIMUM, MAXIMUM TRAVEL TIME IN HOURS X 100
The response to this request establishes a travel time band around each
evacuation county. Travel times are measured along the fastest route at

normal highway speeds. As the transportation problem described in 1.2
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is constructed the travel times (tij) assigned to movements from
evacuation counties (i) to reception counties (j) are the normal travel
times between the counties. However, when these normal travel times
fall outside the travel time band, the travel times are artificially
increased by 1,000 hours. In effect, reception counties within the
travel time bands of evacuation counties are filled before any use is
made of reception counties which lie outside the time bands. For example,
the values:
50, 400
establish a band from half an hour to four hours around each evacuation
courty. The program will relocate evacuees from an evacuation county to
reception counties within this band until the reception capacity of these
counties is expended before using any other reception counties. T.-
lower limit (one-half hour) pushes evacuees beyond the immediate suburbs
of most cities while the upper limit (four hours) holds evacuees within
the range of a one~day round trip from their homes and places of work.
INPUT MAXIMUM RESTDENT POPULATION MULTIPLE X 100
The maximum resident population multiple is applied to each reception
county's 1980 population to determine the number of evacuees which the
county can accommodate. For instance, a response of "300" is interpreted
to mean that reception counties can hold two evacuees for every pre-
evacuation resident. Thus, the capacities of the reception counties would
initially be set at two times each county's 1980 population.
INPUT POST EVACUATION MAXIMUM DENSITY IN
RECEPTION COUNTIES 1IN  PEOPLE/SQUARE MILE
The area of each reception county is multiplied by the maximum density

supplied by the user to obtain the maximum number of people which the
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the county can hold following an evacuation. The 1980 population is
then subtracted to yield the maximum number of evacuees. This maximum
is compared to the reception capacity computed using the maximum resi-
dent population multiple and, if smaller, it becomes the county's
reception capacity.

At this point in the program, all of the information required to
formulate the transportation problem described in 1.2 has been input and
processed. A short table is printed at the terminal displaying the
total number of evacuation counties, evacuees, reception counties,
reception capacity and the values of all parameters supplied by the
user. The table listing is followed by the line:

TYPE "OK" TO COMPUTE EVACUATION PLAN
If the user responds with an "0K," a standard algorithm is applied to
either solve the transportation problem or to determine that it is in-
feasible. A short message is printed at the terminal reporting the
outcome of the attempt to solve the problem. Any response other than
"OK" returns the program to the master control sequence without solving

the transportation problem.

N
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2.5 Route Selection and Loading

Control Option 2 results in the selection and loading of routes for
a crisis relocation plan as described in 1.3. A simplified flow chart
appears on the following page.

To select and load routes a certain amount of additional informa-
tion about the operation of the highway network during an evacuation is
needed. This information must be supplied by the user when requested
by the program.

INPUT VEHICLES/LANE/HOUR FOR 1) LIMITED ACCESS,

2) PRIMARY 4-LANE, 3) PRIMARY 2-LANE, 4) SECONDARY

HIGHWAYS
Four numbers are input giving the emergency carrying capacity in vehicles/
lane/hour of four general classes of highways. The capacity of each link
is found by multiplying the number of available lanes by the vehicles/
lane/hour for the type of highway comprising the link. Example:

2000, 1500, 1400, 1200
Speeds of movement during an evacuation are input for the same highway
classes in response to the following request:

INPUT AVERAGE SPEED IN MILES/HOUR FOR 1) LIMITED

ACCESS, 2) PRIMARY 4-LANE, 3) PRIMARY 2-LANE,

4) SECONDARY  HIGHWAYS
Normal nonevacuation speeds along the highway network are taken to be
55, 45, 40 and 30 miles per hour. Slower average speeds would likely
prevail during an evacuation. For example:

40, 35, 35, 30
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As discussed in 1.3 three options exist for controlling the use of
highway lanes during an evacuation. One of these options must be
selected by the user in response to:

INPUT HIGHWAY CONFIGURATION COPE 1) NORMAL,

2) ONE WAY, 3) VARIABLE LANES

The responses "1,” "2" and "3" correspond to the three options described
in 1.3,

INPUT PASSENGERS/VEHICLE X 100
The user-supplied number is needed to convert evacuees to vehicles along
routes.

INPUT NOMINAL EVACUATION TIME IN HOURS X 100
Half the nominal evacuation time is imposed as an initial minimum
average delay for all evacuees on all routes.

INPUT DELAY TIME TERMINATION LIMIT IN HOURS X 100
The route selection and loading algorithm terminates if the delay times
on unblocked links are all less than the termination limit supplied by
the user or half the nominal evacuation time.

A short table is printed at the terminal echoing the input parameter
values followed by:

TYPE "OK" TO GENERATE ROUTES

The response 'OK" is immediately followed by execution of the route
selection and loading algorithm described in 1.3. Any other response
returns the program to the master control sequence. As the algorithm
proceeds a short listing appears at the terminal describing the progress
of the computations. The listing describes the status of the link list
after each pass and the links which are blocked prior to the next pass

through the Ford-Fulkerson route selection routines.
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2.6 Evacuation Simulation

Control Option 3 directs the program to simulate an evacuation
along the regional highway network according to a previously computed
set of routes and loadings. No additional input is required from the
user. At the conclusion of the simulation, a short table is printed at
the terminal showing the percentile distribution of evacuees as at risk

(unevacuated), en route, or at their destination.
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3.0 Sample Run

A sample run using FEMA's UNIVAC 1108 computer illustrates the
interactive usage of the IDA/BPT model and prouvides examples of the
variety of tables that can be generated by model users. There are
three parts to the sample run:

1. The on~line (terminal) input/output stream.

2. Summary tables output through channel 20,

3. Route listings output through channel 19.

40
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3.1 Terminal Input/Output Stream

The sample run is a straightforward application of the model to a

small but typical problem, the evacuation of the major population, in-

dustry and military centers of New England. The terminal listing has

been annotated to show the major elements of the computations:

1.

2.

4a.

4b.

(%]

10.

11.

12.

The control options are listed as the program begins
execution.

Route listings are routed to channel 19 which is linked
to the file FILE 19,

Summary tables are routed to channel 20 which is linked
to the file FILE 20.

The New England regional transportation network is retrieved
in preprocessed form through channel 11. Previously it
had been stored on F1LE 11, or,

The New England network is assembled from the transpor-
tation network data base.

Table 4.0 is printed.

The controls and parameter values for the crisis reloca-
tion planning submodel are input.

Table 1.0 is printed; the transportation problem is solved.

The controls and parameter values for the route selection
and loading submodel are input.

Table 2.0 is printed; the route selection and loading
algorithm is begun.

Table 2.1 is printed as the algorithm progresses. Each
line of the table shows a link to be blocked at the next
iteration of the route selection procedure. Also shown
is the size of the route list after each pass.

The evacuation is simulated; Table 3.0 is printed.

End.
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LIST OF CONTROL QPTIONS

N0. CONTROL OPTION

0 REPEAT LIST OF CONTROL UPTIONS
INFUT/COMPUTE CRIGIS RELOCATION PLAN
RUN RCUTE FINDING/LIADING ALGORITHM
SIMULATE THE EVACUATION

r-a;\u‘!BLt ‘r\__lETMi%‘ M DATA FILES

EREE B X SNY BT

3
JAPUT CONTROL CRTICN WASER

CONTROL QPTION § TYPE "QK* TO EXECUTE
0K

INPUT NEW CHARNEL. MUNEER. (6=TERINAL)

éNPLTT (NTROL JPTION NUMBER

%BNTRDL UPTION 3 TYPE "OK" TO EXECUTE
U

_ggPUT NEW CHANNEL NUMBER (4=TERMINAL)

lNPUT CONTROL (OPTION NUMBER
g}fgfﬂ ROL OPTION S TYPE “QK" TO EXECUTE
?SSIBN INPUT CHANKEL FOR SAVED NETWCRK
1
VUﬁBER STATE NANE
CONNECTICUT
"'3 MRINE
25 MASSACHUSETTS

33 NEW HAMPSHIRE
44 RHODE ISLAND

W VERMINT INPT CONTROL DPTION NUMBER

R U CONTROL PTION 4 THPE "0K" T0 EXECUTE

LIST THE POPULATION CENTRIIDS (YES QR NO)? INPJT THE NUMBER CF STATES IN THE REGIZN (UP TO 10)
: 5

INPUT & STATE NUMBERS
9,23,25,33, 14,50

5 NUHBER STATE NAME
CONNECTICUT
43 MAINE
29 MASSACHUSETTS
33 NEN HAMPSHIRE
44  RHODE ISLAND
30 VERMGNT

BYPE "OK" TO RSSEMBLE NETWORK

READING 37 NODES FOR STATE 9
READING 25 NODES FUR STATE 23
READING 39 NODES FOR STATE 25
READING 33 NODES FOR STATE 33
READING 13 NOUES FUR STATE 44
READING 21 NODES SR ITATE =0
READING 200 LINKS FOR STATE 9
READING 114 LINKS FOR STATE 23
READING 224 LINKS FOR STATE 25
READING 184 LINKS FOR STATE 23
READING 76 LINKS FOR STATE 44
READING 112 LINKS FOR STATE S0

NUMBER OF NETHORK NOLES 170
NUMBER OF NETHORK LINKS 738
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TNPUT CONTROL OPTION NUMBER
*INTRCL QPTION 1 TYPE “OK" TO EXECUTE

S

TNPUT SUACLATICN FLAM (YES JR NDY”

W

SITIFY ZLACOATION CTINTIES (YES (R NOY”

- BT T
[ A R W

T eoue GJUE (L TC 4
2T oIl 4 SIRTINT T BE IVACLOTED

DodWTE LUUNTESFIRCE TARCETS (YES IR ND)T

L&

'-E'..' 17 Dol nTION MR Im [ENSITY IN EVACUATED (OUNTIES IN PECPLE 29, MILE
Ftl IF« RECEFTION COUNTIES (YES OR NOJ?

‘S"‘,T YINIMUM, MAXIMUM PRE-EVALUATION RECEFTICN AREA DENSITY IN PEOFLE/SE. MILE
‘CF‘,T ‘hN MM, MAXIMUM TRAVEL TIME IN HOURS X 100

‘4“‘ T I RESIDENT POPULATION MULTIPLE X 100

0

*:" T ST EVACUATION MAXTMUM DENSITY N RECEPTION COUNTIES IN PEOPLE/ZQ. MILE
500

VIMEEF IF EVACUATED COUNTIES 1l EVACURTED FOPULATION 2639306,
WM/MBER JF RECEPTION COUNTIES &1 RECEPTION AREA CAPRCITY 4251722,
JULNERABILITY GRUUP COTE: 3

MINIMUM EVACUATED H}P‘JLATIONi 70, PERCENT

COUNTERFORCE TARGETS ARE E‘»)A"UATED

MINIMUM SICEPTION AREA DENZIT 10, PEOPLE/3Q MILE

MAXIMUM RECEFTICN AREA UEN.:LTY 00, PEOPLE/ZQ MILE

MINIMUM TRAVEL TIME TO RECEPTION AREAS: .30 HOURS

MAXIMM TRAVEL VIME TO RECEPTION AREAS:  8.00 HOURS

MAXIMUM RESIDENT POPULATION MULTIPLE: 3,00

POST EVACUATION MAXIMUM DENSITY IN EVACUATED AREAS: 500,

POST EVACLUATION MAXIMM DENSITY IN RECEPTION AREAS: 500,

TYEE "0k" TC COMPUTE EVACUATION PLAN

K

EVACUATION PROBLEM IS FEASIBLE )
NUMBER OF EVACURTION/RECEPTION CUUNTY PAIRS 29

INPUIT CONTROL OPTION NUMBER
;gNTRDL GPTION 2 TYPE "Dk TO EXECUTE
Ul

;;ig'_)ﬁd%gl%%g/%m}g/mlﬂ FOR 1)LIMITED ACCESS. 2)PRIMARY 4-LANE, 3)PRIMARY 2-LANE. 4)SECUNDARY HIGHWAYS
200U, 18U, ¥

YgPU]; AVERAGE SFEED IN MILES/HOUR FOR 13LIMITED ACCESS. IiPRIMARY 4-LANE. Z)FRIMARY 2-LANE. 4)SECONDARY HITHWAYS |
45,40,25,30

INPUT HIGHWAY CONFIGURATION CODE 1INORMAL. Z)ONE WAY, 3)VARIABLE LANE3
g:;gUT FASSENGERS/VEMICLE X 100

INPUT NOMINAL EVACUATION TIME IN HGURS X 100

IgF’UT DELAY TIME TERMINATION LIMIT IN HOURS X 100

HIGHWAY CLASS  VCLS/LANE/HR MILES/HOUR
LIMITED ACCESS 2000, 45,

PRIMARY 4-LANE 1600, 40,

PRIMARY J-LANE 1400, 2.
SECONDARY 1200, 20,

HIGHWAY CONFIGJRATION: ONE WAY GLTBOUND TRAFFIC
AVERAGE PAZSENGERS FER VEHICLE: 4.00

NOMINAL EVACUATION TIME: 3,00 HOURS

DELAY TIME TTRAMINATION LIMIT:  &,00 HOURS

&Y(PE “OK" TO GENERATE ROUTES
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11

12

PASS °OUTES CAPRCITY

INPHT CINTROL OPTIUN "hI4BTS
gzﬁ- ‘0K TO TERMIA T
PRIGRAM ENOS

DELAY FROM
! 4. n) 3% AVIN
23 HARTFURD
91 EE
23 'PCRESTER
N 7y LiTH FUtTER
7 o4
B i
1.4
A2 L0.42
9,34
N .42
4000, 737'2°. 2.34
4000, 787 3,34
4 000, To¥in, 9,29 RID TLEFIORD
40040, TR, 9.79  PORTSMOUTH
1400, Z3W2. 8.4 NURTHHAMPION
3 1400, 23294, E.32 ASHFCRD
1800, 34, 232 PUTNAM
1400, 23294, 8.32 CHEPACHET
1400, 21542, 7,55 NORTWFIELD
1400, 21328, 7.6 MANCHESTER
400, S1124.  7.44  NATHUA
1400, 23294, .32 ESMOND
43 A000), S7542,  7.21  MARLBORD
4000, 57542, 7.21  NQRWICH
140, 7.29  MERIDAN
4000, 7.21  COLCHESTER
4000, 7.1 BOSTON
4000, 7.32  CHICOPEE
404, 7.32  SPRINGFIELD
4300, 7.12  DANVERS
1200, 7.14  WICHENDON
4000, 7.12  HAMPTON
4000, A 7.12  AMESBURY
a7 LA, 7 2,42 CARDNER
1400, S, 5,10 wGHUHESTER
{400, 13031, &.44  NEWPGRT
4000, 51665.  4.46  CONOIRD
100, 13031, 4.44  NEW LONDON
1400, 14311 6.54¢  NEWPORT
47 4000, A44e.  5.56  TORRINGTON
3000, 44452, 5,96 MIL.DALE
401, i, 5,5 WATERBURY
4000, 508 THCMASTOWN
1200, 5.30  PETERRINDIGH
1200, S.80 NASHUA
1200, S.53  MANCHESTER
120G, 5.30 MIL-GRD
3000, 9.44  HOPKINTOWN
1400, 5.25  BURLINGI™N
gaPUT CONTRUOL OPFION NUM=
o)
CONTROL WPTION 2 TYRS *0* 1 EXECUTE
i 4
EVACHIEE 38 2639904, ELAPSED HOURS: 2
PERISCE ¥ ZES AT wik 7%
PERCENTAGE OF EVACUEES EN RNUE 13
PERCENTAGE OF EVACLEES AT LE=T ATION 3

44

COUNTY
HARTFORD
4Ah|FLnD

i
I'"”VALENL.:
ERUV'IENLt

RO 'VI CENCE
WCRCESTER
PROVIDENCE
PROVIDENCE
YORK
ROCK INGHAM
HAMFHIRE
WINCHAR
WINDHAM
FROVIDENCE
MERR [MACK
HILLSBOROLIGN
HILLSRORQUH
PROVILENCE
HARTFORD
NEW LCNDON
NEW AAVEN
NEW LONDON
SUFFOLK FSD
HAMPTEN
HAMFDEN
ESSEL
WORCESTER
ROCKINGHAM
S3EL

=TER

WOREES
WORLESTER
SUCLIVAN
MERK JMACK
MERRIMACK
NEWFTRT
LITCAFIELD
HARTECRT
NEW -REN
LITEHFIELD
HILL SRORTUGH
HILL AR 3
HILL AR i
HILLSHOROUGH
MERR [MACK
CHITTENCEN

wn

o

Lt
100 o

[ >3

o)

=

03—~

OG- s
0D

ASTIN
SLATERZVILLE
FORTLAND
BIDDLEFCRD
F YT : "FVELD

4UL TN

"'ANEHE [ER
CHEPACHET
HARTFORQ
COLCHESTER
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MARLELURO
Enr\\\Cﬂ
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CRICIFEE
AMESBURY

KEENE
PORTZMOUTH
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W ll H:.NU\ N

NORTHF1ELD
NEWPORT
SAUNIERSTIWN
WINGTZAD
WRATEREURY
Theo s ToWN
TLRRINGTTN
KEENE
MILFGRD
HENN< IR
PETERBGROIGH
NEW LENDON
VERGENNES

2 D
2 0 0

94 39 99

SOUNTY

bFOﬂlnFurc
FROVIDENCE
[ \.MBERU-NE!

WEF\RU‘AI
HILLIBLC SAOLGH
PRV 'l TENCE
HARTFURD
NEW LONGIN
HARTFURD
HARTFORD
ES2EX
HAMFEHIRE
HAMSJEN
£35EX
CHESHIRE
R\.TKINGHAH
R HaM

MERRIMACK
SULLIVAN
WASHINGTON
LiTCHF “_l 0

-‘I CLIBIROUGH
MERK LA
HILL SRR
MERRIMACK
ADDISON

a0 0
3 ] D)
9 W P

aay N

Fo N
~a~1 e b

L

(RN WS RNV T RN XE R

o o

e toruds

5TATE AOAD
Iw*Eﬁawﬁfs

—rbea s
sy

R R
EOCTN ;L e L

N
£EE

T DG e

5

it
AT A0AD
TATE ROAL
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HHTATE
STATE RGAD
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ora
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T T 0
INTERSSATE 92
STATE RAD 11
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Sz S 3
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3.2 Summary Tables
The summary tables 1.0, 2.0, 2.1, 3.0 and 4.0 reproduce tables
from the on-line input/output stream and are not duplicated below. All
of the other summary tables from the sample run are shown below. Variable
definitions are given in the notes accompanying each table.
Notes for Table 4.1

FIPS - five-digit state/county FIPS code
PLACE NAME - name of county center or principal city
COUNTY - county name
POPULATION - residents according to the 1980 U.S. Census
AREA - square miles of area
DENSITY - pre-evacuation people/square mile
FEMA - FEMA Countervalue code A, B, C or D
FEMA Counterforce flag X
blank field indicates population not at risk

Notes for Table 1.1

EVACUATION/RECEPTION COUNTY - county name
RESIDENTS - pre-evacuation population

AREA - square miles

DENSITY - pre-evacuation people/square mile
AT RISK POPULATION ~ number of evacuees

REC. CAPACITY (evacuation counties) - capacity of reception counties within

preferred travel time band of the evacuation county
CRITERIA - criteria for determining capacity of reception

county
REC. CAPACITY (evacuation counties) - capacity of reception county

to accommodate additional population

Notes to Table 2.1

PAIR - pair number ordered by normal travel time

PEOPLE - number of evacuees

ORIGIN/DESTINATION - name £ county center

COUNTY - county name

HOURS - hours from origin to destination at normal speeds
along fastest route

MILES - length of fastest route

DENSITY ~ post-evacuation density of the reception county
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Notes to Table 2.2

ROUTE - route list sequence number

PAIR - evacuation/reception pair number

EVACUEES - loading of the route

CITY ~ name of county center

COUNTY - county name

DISTANCE - length of route in miles

TRAVEL - average travel hours at evacuation speeds
DELAY - average delay hours

TOTAL - TRAVEL plus DELAY time

Notes to Tables 3.1 and 3.2

EVACUATION/RECEPTION COUNTY - county name

EVACUEE - number of peopie evacuated from or to the county

PERCENTAGE - percentage of evacuees departed from or arrived
at the county at the elapsed hour shown

Notes to Table 3.3

FROM/TO - name of county center

ROUTE NAME - highway type and number

DISTANCE - length of the link in miles

SPEED - evacuation miles/hour

CAPACITY - evacuation vehicles/hour for all available lanes

PERCENTAGE - percentage of capacity in use for the evacuation
plan at the elapsed hour shown




l 1TABLE 4.1
POSULAT LON SENTFOID LIST
rLAiENRHE 5 TY an
'l
NEW LONDON CoTy
H;’.’ -uﬂ -
SAMIELSON WLNOHAM .
LEWISTON ANBRIS 153G {0 .0
HOULTON ARDSTOOK .oy
CRTLAND CUMEERLAND 31, . O
WILTON FRANLIN . .
ELLSWORTH HANCL . .
AGUSTA KENNEREC 2 .
ROCKLAND ¥NOK . ,
NEWCASTLE LINCOLN . .
NEWRY OXFiRD . .
BANGOR PENOHSCOT . . D
FOXCROFT PECATAMIIS 943, g,
BATH SAGADAHIC 57, 11z,
SKWHEGAN SIMEHSET 5943, 11,
BELFAST WALDY) 24, 9.
MACHIAS WASHINGTON 4, D
SAMFIRY YORK, G600, 40, O
SAGHMORE BARNSTABLE 5. 399, a7,
PITTSFIELD BERISHIRE 14S110, 242, 1S4, D
TRUNTON BRISTIL 478641, 556, €54, D
ELGARTOWN DUKE= g4, 106, A,
DANVERS ESSEX 633632, 300, 1267, D
GREENFIELD FRANKLIN 54317, 22, 29,
SPRINGFIELD HAMPTIEN 443018, 621 713. C X
: NORTHHAMPTON HAMP [ 4E 138313, 937, &
25047 LITTLETON MITmgay 1357036, 39, w0
25019 NANTUCKETT NANTUKET ST, 4:y D
25021 FRANKLIN NCFE £06587, 393, 1S4,
25023 FLYMOUTH PLYMOUTH 405437, 444, A11. D
25025 BOSTIN SUFF PSD 650142, 55 132, B
25027 WORCHESTER WORCESTER 546352, 1532 422, D
33001 LACONIA 35 2iap 42984, 401, 107
33003 CONWAY CARROLL 27931, 938, 30,
33005 EENE CHEFHITE 821th, 717, 37,
32007 GORHAM Cous 35147, 155 3%
33009 PLYMOUTH T 65304 1717, 38.
33011 NASHUA HILLSBORDUGH 276403 490, 3 C
33013 CONCORD MERR} M. IG5 31, 115,
33015 PORTSHWOUTH ROCK I N5HAM 190345 4931, 27‘. DX
33017 ROCHESTER STHAFFLID §5403. 377,
33019  CLAREMDNT SULL.TVAN 36063 337, L7,
44001 BRISTOL BRISTCL 465942 9, 13
44003 EAST GREENWICH KENT 1541472 172, g9,
48005 NEWPORT NEWP IR ¢ 8138 15, 703,
44007 ESMOND PROYVIDENY 571249 22, 13%4. B
44009 WYOMING WASHTY T 93317 P8, He. DX
50001 VERGENNES ABIL-t 29406 735 37,
50003 BENNINGTON BENNINGTO! 33345 672 5.
0005 SAINT JOMNSBURG  TALEMMNIA 25304 514, 42,
50007 BURLINGTON CHITTENDEN 115334, 532. 217. ¢
50009 1SLAND POND ESSEX 6313. 664, 10.
90011 SAINT ALBANS FRANKLIN 34738, 639, 33.
50013 GRAND ISLE GRAND ISLE 4613, 77. 50.
50015 MORRISVILLE LAMOILLE 16747, 473, 35.
50017 WEST TPSHAM ORANGE 22139 670, 33,
50019 NEWPORT 23444, 713, 31,
56021 RUTLAND RUTLEND 55347, 929, b3,
50023 MONTPELIER WASHINGTON 52393, 708, 74.
50025 BRATTLEBARE WINDHAM 5933, 793, 47.
50027 WILDER WINDSOR 51020, 43, 53.
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3
LTRELE Lt
EVACIATION COLNTY AFEA  LEn3ITY
NEW LONDN Lo SATS
] AROAETEOK, a5 3,42
VR 159586, 135,67
HeF DEN 482013, 2. 19
SUFFOLK_PSD 550142, S5, 1132076
HILL SBRIIGH 276403, §0. 310,30
ROCKINGHAM L30345. wil. 75,3
NIWFORT 31233, 5. 707.48
FROVIDENCE 571349, 2. 135391
WASHINGTON 917, 324, 2R.02
CHITTENDEN 115534, o &
RECEPTLON ODNTY RESIIENTS AREA  TENSITY CRITERION REC. ©
LITCHFIELD 154759 938, 167,13 DENGITY
TOLAND 1i4823. db. 276,02 LENSITY
WINDHAM Y2312, St6, 17330 DENSITY
ANDROSCOGGIN 9957, 473, 208.49 LENSITY
CUMEERLAND 215750, 381, 244,74 LENGITY
FRANKL TN 707, 1. 1578 Wi TIFLE
HANCOCK 878, 154 2710 MILTIFLE
HENNEBEC 105389, 365, 127.04 MULTIFLE
KNOX 20981, 362, 9100 MILTIFLE
LINCOLN 25491, #57, 562 MILTIFLE
[AXFORD 3263, 2085, 2349 MULTIFLE
PENORSCOT 137015, 3403,  40.20 MULTIFLE
SAGADAHCC 28755, 7. 1204 MILTiFLE
SOMERZET 15028, 2948, MULTIFLE
WALDd 25414, 734, MILTIFLE
WASHINGTON S49h3, 2593 WLTIHE
SERK SHIRE 145110, 942, MILTIPLE
DLKES 3942, 106, 34.36 MULTIFLE 4,
FRANKLIN 54317, 722, 39.08 MLTIPLE 136034,
HAMPSHIRE 3 537, 258.50 DENSITY 129637,
{ NANTUCKET 6, 110.59 MULTIFLE .
BELKNAP 01, 106,94 MULTIFLE
CARROLL 933, 1978 MILTIPLE
CHESHIRE N7, 36,63 MULT{FLE
£C0s 1925, 19,26 WLTIFLE
CRAFTON 717, 3.3 MILTIPLE
MERRIMACK; 931, 105,59 MCLTIFLE
STRAFFORD 3. 226,55 CENSITY
SULL VAN 531, b1.16 WILTIFLE
ADDISON 75, 3.4 MOLTIFLE
BENNINGTON 872, 49.62 MILTIFE
CALEDONIA 514 42,03 MILTIFLE
FRANELIN 859, SL19 MALTIFLE
GRAND 15LE 7. 9.9 MILTIPLE
LAMDILLE 475, 5,30 MILTIFLE
ORANGE 60, 325 MLTIRLE
ORLEANS 745, %78 MLTIFE
FUTLAND e N MUTIPLE
WASHTHGTON 52393, 708, 74.00 MULTIFLE %
WINDHAM 34373 793 4.57 MILTIFLE 733¢th.
WINDSOR 51020, %5, 588 MILTIFLE 102080,
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LTRBLE 1.2

EVACUATION/RECEFTION COUNTY PAIRS

PAIR PTOPLE  ORIGIN
i 22627, ESMOND
2 575,  BOSTON
3 13544,  BOSTON
4 13473, MEWPORT
S 102060,  BOSTON
& 72126,  BOSTIN
7 73358, ESMOND
g 58937, EIMIND
7 32198, HOULTON
10 83985,  WIOMING
11 $3401,  BOSTON
12 2412+,  BOSTON
13 26133, E3MGND
14 122637, ESOND
15 55693, NASHUA
16 103092,  BOSTON
17 131612, 15HUA
13 214543, NORWICH
19 A1E42, SHA
20 196604,  BOETON
21 93177,  EAMOND
2 125639,  SANFORD
23 290220,  SPRINGFIELD
24 59547,  NEWPDRT
25 171310,  PORTSMOUTH
2 108496,  SPRINGFIELDH
o7 45169, BURLINGTON
23 106121,  ESMOND
29 5381Z.  BURLINGTON

COUNTY
FROVIDENCE
SUFFOLE F2D
SUFFILE P3D
NEWFORT
SUFFQLE. PSD
SUFFILY, P2D
FROYIDENCE
FROVIDENCE
ARCOSTOOK
WAZHINGTON
SUFFOLK PSD
SUFFOLK 2D
PROVITENCE
PROVIDENCE
RILLSEIRQUGH
SUFFILK PSD
HILL SBURQUGH
NEW LONDON
HILLSBORGUCH
TUFFLLY 2:D
FROVIDENCE
YORK
HAMPDEN
NEWPORT
ROCK INGHAM
HAWPDEN
CHITTENDEN
PROVIDENCE
CHITTENDEN
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CESTINATION
BENNINGTON
BATH
LEWISTON
WINSTEAD
WILDER
CLAREMONT
BRATTLEBARE
KEENE
BANGOR
WINSTEAD
PLRTLAND
LACINIA
GREENFIELD
HOR%EHAMPTUN

ROZHESTER
PLYHOLTH
WINSTEAD
LACONTA
ZENCERD
BCLTON
LEWISTON
PITTSFIELD
DANIELSON
PORTLAND
CREENFIELL
MONTPEL [ER
DANIELSEN
VERGENNES

>
m
m

COLNTY
DERNINGTON
SAGATIARCC
ANDRISCOGSIN
LITCHRTR A
WINDZOR
SULLIVAN
WINDHAM
CHEZHIR
PENCESTOT
LITCHFIELD
{UMBERLAND
EELKNAP
FRANELIN
HAMFSHIRE
CHESHIRE
STREFFORD

GRAFTON
LITCHFIELD
BELKHAF
MERRIMACK
TOLLAND
ANDROZCOBGIN
BERKSHIRE
WINDHAM
CUMEERLAND

FRAMCLIN
WASKINGTON
WINDHAM
ADDIZIN

[od

£=3
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3
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STLTE HARACTERIETICN AND LOALINGS _ e
i -.ioma mLUTE
LD ORAIR EVALUEES (1Y CLUNTY NIMRSE O TRGVGL I T
o 27656,  ESMOND BIVIENE  CPaINTON T 1.7 %30 =
I 2 S50, BISTOM SUFFILK P5D BATH 3.4 .9 d.iz ;
ER 753, NEWPCRT NEWPORT WINSTZAD C i0hib nm 4,43
R 17919, MEWPIRT HEWFERT WLHETEAD CeEEiED 137 LI 4.1z
§ 4 3mbe.  BCSTON SUPFOLK PeD WILGER JINGR 12,6 L7 Lz
w4 736.  BUSTON ZUFFILK F WILLER R s L3 S Ex
82§ 52316, EUSTON SRR MR v ALK 13300 i ge7 i
S5 &Ms0,  BOSTON SUFFOLK PSD  CLAREMONT SULLIVEN il 2 5,12 e
Bn 5 2966, BISTON SUFFOCK P30 CLAREMONT ZULLIVAN a0 Ll 85 5,74
¢ b T ESMOND PROVIDENCE  ERATTLEBARE  #INDHAM 9.1 2.50 W i
97 4353,  EOND PROVIDENCE  KEENE CAESHIRE 4.4 L 4.7 .42
T3 m. HOWLTON AROOSTOCK BENGOR PENCBSLAT 14,5 .42 A4 b3
P09 353, WYOMING WASHINGTON  WINSTEAD LITCRFIELD 0.7 L35 . g5t
Ho9 7T WYOMING WASHINGTON  WINSTEAD LITCHFIELD G L.k . :
B0 10 67044, BOSTON SUFFOLK FSD  PORTLAND CUMBERLAD N SN
TRt 23130, BOSTON SUFFOLK PSD LACINIA EELENAR 4,7 20 .
7o P96, BISTON SUFFOLK P30 LACINIA BELKNAP 3.3 L3 %,
2 1F 0 20133 ESMOND PROVIDENCE  GREENFIELD  FRANKLIN 0.3 LU
13 1152 ESMOND PROVIDEME  NORTHMAMFTON  HAMPSHIRE 7.7 L35 G 7.
B3 1395, ESMOND PROVIDENCE  NORTHMAMPTON  HAMFSHIRE 1.0 277 4,31 1.
D18 632 NASHUA HILLSBORGUGH  KEENE CHESHIRE 12,5 .42 400 5.42
1415 10392, BOSTON SUFFILK P30 ROCHESTER STRAFFRD 75,4 168 A0 543
S 1b 43388 NASHUA HILLSBOROUGH  FLYMGUTH GRAFTON 742 .65 hiz .7
216 G278 NAGHID HILL SBORCAIGH GRAFTON 7.3 7h S TS
SRR, J3325.  NGRWICH NEW LONDCN LITCAFIELL S1.3 LEs LI R
L7 120183 NGRWIcH NEW LONDON LITCHPIELD ; (11 4,07
i 13 {3644,  PORTSHCUTH RACK INGHAN ANDRUSCOGIN 7220 80 4ok2 Lo
1319 22678, NAGHUA HILL SBOROUGH EELKNAP 61.3 1,47 bl 7.59
12 E7AS.  NASHUA HILLSBORGUGH BELKNAP 51.5 O T B -y
319 200, NASHUA HILLSBOROUGH BELKNAP 79.5 .41 5.57 1.7
9 2 19398, BUSTON SUFFOLK PSD  CONCORD MERRIMACK £5.4 1.5 Liz 753
I 2206,  BUSTON SUFFOLK PSD CONCORD MERRIMACK L2.2 L S e
4o 93177.  ESMOND FROVIDENE  BULTON TOLLANG 47.5 136 ER T
D202z 113039, SANFORD YORK LENISTON ANDROSLOGZIN  52.2 {5 5. 24 e
B bbhO.  SANFCRD YORK (EWISTON ANDROSCOGSIN  78.4 L3 1.5 fo 5
3023 12951, SPRINGFIELD  AAMPLEN PITTSFIELD  BERKSHIRE 5.0 132 5,74 7,02
30 2 126503, SPRINGFIELD  hAMPLEN PITTFIELD  SERKSMIRE 4.4 OECRNNE > S M
! 8 73 24i%. GPRINGFIELD  HAMPOEN PITTSFIELD  ERKSHIRE W0k 2.8 4.5k ol
A2 $2402,  NEWPORT NEWPORT DANIELSON WINCHAM 43.2 o 5.51 :
57 2 185,  NEWPORT NEWPORT DANIELSON WINCHAM 9.2 .5 L3 &
IS 197:67.  PORTSMOUTH ROCCINGHAM  PORTLAND CLMEERLAND 3b.3 ot 82 g
& % 130%. SPRINGFIELD  HAMPIEN GREENFIELD  FRANKLD: 2.1 T TR
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3.3 Route Listing

Each route is displayed in detail in Table 2.3. The routes appear
in the same order in which they are summarized in Table 2.2. Since
Table 2.3 is long and quite detailed, only the part of it corresponding
to the first nine routes of Table 2.2 has been reproduced below.

The sequence of nodes proceeding from the origin to the destination
is shown for each route. For each node (or link into the node) the
following information is given:

NODE - the 5-digit FIPS code of the state/county with the

node's single-digit sequence number added as the sixth
digie.

CODE - a code number embedding the highway segment's
characteristics and number.

TRAVEL - elapsed travel time to the node at evacuation
speeds.

DELAY - elapsed delay time, i.e., the longest average
delay time imposed by a congested link already listed.

TOTAL - TRAVEL plus DELAY time.
DIST - accumulated distance in miles.
SPEED - link evacuation speed in miles/hour.

CAP - link evacuation capacity in vehicles/hour for all
available lanes.

VCLS ~ number of vehicles using the 1ink according to the
route loading.

PLACE NAME -~ name of county center.
COUNTY - county name.

ROUTE NAME -~ highway type and number,
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TRAVEL DELAY TOTAL  IIST.  SPEED CnP. VELS  PLACE NWME
Q0 4,00 4,00 .0 0 Q.  ESMOND
00 4,700 4,80 4,5 45,0 ’mm 75224, ASTIN
21 470 AT 12.3 45,0 00, 75224, SLATERSVILLE
6 470 %3 sl 43,0 $000. 75224,  WORCHESTER
1,63 521 682  £3.3 23,0 2800, 29173,  URANGE
2.1 S 7.32 80,3 35.0 z800. 29173. GREENFIELD
235 5.2 7.4 87,1 35,0 4000, 24128,  BERNARDSTON
2.9 5.2 774 98,1 45,0 4000, 24133, ERATTLEMARE
3.40 2 8.61 12,7 5.0 1400,  Sh72.  BENNINGTON
TRAVEL [ELAY TOTAL  DIST. SPEED (&R, PLACE NAME
A0 4,00 4,00 ) Q 0. BBATON
L34 400 4. 15.5 430 3000, TANVERS
J90 4,000 4,79 3550 45,0 5000, AMESELRY
1,06 4,00 35.06  47.&4 45,0 =000, HAMPTON
.29 4,00 59.35 861 45,0 3000, PORTSHOUTH
.00 4,62 A3 W 45,0 §0uQ. BIDOLEFDRD
2,2 4,62 6,91 1030 45,0 2000, PORTLAND
2.3 4,62 7.43 (6.4 45.0 d000, BRUNWILK
2,94 a8z 7,97 13,4 45,0 400, BATH
TRAVEL DELAY TOTAL DIST. SPEED  CAP.  WOLS  PLACE NAME
\' 4,00 4,40 2 Y] a, 0. NEWPLRT
4,00 A7 S0 38,0 280G, 13270, SAUNDERSTGAN
.63 4,00 4.4 T 45,0 4000, 2419, WESTERLY
L3 4,00 4,68 28,9 45,0 4000, 24414, PAWCATUCK
122 400 5.2 85,2 30.0 1200, 1337. NGRWICH
.52 4,00  5.52  S3.6  45.0 3000. 54979. COLCHESTER
1,63 4,00 5.3 63,6 45,0 3000. 54979, MARLBORG
1.9 4,90 5,99 77.8 45,0  3000. S45739. HARTFORD
SO 8,83 6.62 SR 5.0 200, 24737, AVON
277 442 7,20 106 5.0 2200, I4787. WINSTEAD
TRAVEL DELAY TOTAL DIST. SPEED  CAP. VCLS  PLACE NAME
L0 4000 4,00 0 0 0. 0.  NEWPORT
A7 400 417 b1 25,0 2800, 18270,  GAUNCERSTOWN
L3 4000 4083 ZAET O AS.0 dGD0. G413, WRSTERLY
ah 0 400 4063 28,9 45,00 4000, 24414, FAWCATULK
B 400 4,9 41,0 45,0 4000, 23079, NEW LONDON
1032 .00 5.32 52,7 45,0 8DGO, 23079,  LLD IAYERCLIK
1,70 4,00 570 74,3 45,0 3000, 22077, MIDDLETCWN
M .00 5,91 54,0 45,0 4000, 22079, ERST EERLIN
i 400 0100 92,6 BS.D AROO. 22079, MERIDAW
2.2 412 637 8.0 38.0 0 2809, 23079, MILLDALE
252 A2 4.64 11000 S0 00D, S WATERBLRY
2,99 4,12 471 113,20 43.0 2000, 3271, THOMASTOWN
2.8 4,12 698 125.3 45,0 30C0. 53271, TCRRINGTUN
LIS A2 TUT 130y 85,0 3000, S327L. WINSTEAD
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4.1 Program/Storage Size Limits
A number of constraints are imposed by program storage limits on
the size of problems which can be handled by the model. These con-

straints are shown in the following table.

Constraint Item Limit
Input/Output Channels 11-20 10
States per Regional Network 10
Regional Network Nodes 500
Regional Network Links 2000
Evacuation Counties 40
Reception Counties 500
Evacuation/Reception County Pairs 200
Routes on the Route List 500
Links per Route 19

These constraints limits have been set to conserve computer memory
without excluding most applications. If necessary, the limits can
be expanded by increasing array dimensions and making other minor

changes in the programs.
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4.2 Subprogram Descriptions
MAIN - A dummy main program which only calls MASTER.
MASTER -~ Operates the master control sequence.
PASS ~ Operates the route selection and loading algorithm.
ORDER - Reorders the link list for a regional network.

PRICE - Performs the first stage of the Ford-Fulkerson
fastest route computation for a given destination.

ROUTE - Finds the fastest route from a given origin to a
given destination.

COUNTY - Prints a table of county population centroids
within a region.

LOCK - Locates a renumbered node from its FIPS code and
sequence number.

STACK - Gets the nodes of a regional network from the
Node File.

ROADS - Gets the links of a regional network from the
Links File.

SAVER - Saves/retrieves preprocessed regional networks.

SHOW - Prints summary table and route listing on completion
of the route selection and loading algorithn.

SORTR ~ Twig sort routine called by ORDER.

BUILD ~ Operates the assembly of a regional transportation
network from the data base.

SETUP - Operates the direct input or computation of a crisis
relocation plan.

LOADL - Performs an evacuation simulation for a single
network link

EVAC - Operates the simulation of an evacuation given a set
of route loadings.
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t LOADER - Computes traffic on all links given the number of
evacuees using each route.

BIOCK - Blocks congested links at Step 4 of the Route
Selection and Loading algorithm.

IFSAME - Checks a new route to see if it duplicates a v
route on the route list in Step 2.

TIMER - Computes average travel, delay and total time for ’
a route, h

HEADER - Prints a table heading.

TRNPLX - Main calling sequence for solving the linear program
transportation problem.

RESET -
XCK
SWAP
RESD
ROW
GET
DELTA
MIN
NEW ,
PIVOT i

- Subroutines called directly/indirectly
from TRNPLX.

-




4.3

Procedure Files. Elements
BPT*EXECUTE. COMPILE

Compiles source code to relocatable elements.
BPT*EXECUTE. ASSEMBLE

Assembles relocatable code elements.
BPT*EXECUTE. RUN

Executes program.
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BPT*EXECUTE* COMPILE

36,7 DBJECT. )
SECF U 3FTSLURCE. COMN,EPT GOLRCE.

} BRTHESURTE. AALN, CBUELT, MATN

zgvn,&a BPT#SL
;F;ﬂ‘:{ NQ BPT#SOURCE. ROUTE, CBJECT.RCUTE
igjg NO BPT#30URCE. STACK, OBJECT.STRCK
FTNoND BPT#SCURCE. COUNTY, CRJECT, COUNTY
éiE«’r:l NO BPT#SCURCE. LOCK, CBJECT. LACK
aFTE,Nﬂ BPT#S0URCE, ROALE, OBJECT (ROADS
élg'hfh NO BPT#SOURCE. SAVER,CBUELT. SAVER
gﬁg NO BPT#SQURCE. SHOW, UBJELT, SHOW
@FTN.NO BPT#SQURCE. ZORTR,JBJECT, S0RTR
E_EE‘E, NO BPT#3QURCE, BUILD»BJECT.BUILD
g; 5#. N0 BPT#SQURCE. SETUP.OBJECT.SETUR
ggg, NO BPT#SOURCE. LOADL,OBJECT.LOADL
?F‘N, \0 BRT#SCURCE.EVAC, CRJECT.EVAC
"GFIN,.‘SO BPT#0URCE, LLADER, GBJECT, LOACER
EEE NO BPT#SQURCE. BLOCK.OBJECT. BLGCK
@FTN,ND BPT#SOURCE. IFSAME, OB.JECT. IFSAME
%!EW,NO BPT#SOURCE, TIMER, DBECT. TIMER
eF’fl NO BPT#SQURCE. HEADER, DBJECT, HEADER
@F Ehv NO BPT#SOURCE. TRNFLX, OBJECT, TRNPLX
%E EE_I, NO BPT*SQURCE,RESET,IJBJECT. RESET
2FTN,ND BPT#SOURCE. XCK . 03JECT. XK
“FE’TOE, N BPT#SGURCE. SHAF- CBJELT. SWAP
%FTSI NO BRT#SQURCE.RESD, UBJECT.RESD
%Egg, NO BPT#SOURCE. ROW, JBJECT.ROW
FTNND BPT#SOURCE. GET, UBUECT.GET
:EFCTE NO BPT#SQURCE, DELTA,OBJECT.DELTA
1‘FTN,NO BPT#SOURCE ., MIN, JBJECT . MIN
3F“l ND SPTeSOURCE, NEW. 28JECT, NEW

:ETg|NO BPT#SOLRCE. #1V07  DB.ECT.PIVT
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BPT*EXECUTE+- ASSEMBLE

AP IN , OBJECT, SHAIN
IN JBJECT. ¥ATH

IR BL: T.MA3TER

N anELT SORTR
N DBJECT. BUILD
N OBJECT. SETUP

IN 0BJECT.LCADL
IN OBJECT.EVAC

IN CBJECT.LDADER
IN OBJECT.BLOCK
IN UBJECT. TRNFLX
IN OBJECT.RESET

IN OBJECT,ROW

IN OBJECT.GET

IN OBJECT.DELTA

IN OBJECT.MIN

IN OBJEET. NEW

IN OBGECT.PIVIT

IN OBJECT. TIMER

IN GBJECT. IFSAME
IN OBJECT.HEADER
8ECF

BPT*EXECUTE*RUN

8AS5,A BPT#USND,
QASH, A BPT#USLT,
BAS,A BPT4MAP,
@A5G, T FILELL.
@45, 7 FILELL
@435, T FILEL3.
8RS0 T FILEL4,
2A3G,T FILEIS.
@A36,T FILELG.
@A3G, T FILELT.
@ASG«T FILELS.
RASG.T FILEL9,
BA55, T FILEZD.
%G, T ROUTES,
@USE 3, oPT#USND,
@U”E 9, BPT#USLD,
UE 10, BFT#MAP,
@UwE 11,FILELY,
3EE 12,7 ILEL 2,
BU<E 13,FILEL3.
BSE 14,FILELA,
sk 15, FILELS,
QUSE 16,FILELS.
HSE 17,FILELT.
RUSE 18,FILE!S.
QUSE 19,FILELY,
@USE Z0,FILEZ0,
BSE 7,ROUTES,
R4BT JBJECT.IMAIN




4.4 Source Code Listings

COMMON Block Insert
Main Program

Subprograms:

MASTER
PASS
ORDER
PRICE
ROUTE
COUNTY
STACK
LOCKS
ROADS
SAVER
SHOW
SORTR
BUILD
SETUP
LOADL
EVAC
LOADER
BLOCK
IFSAME
TIMER
HEADER

62

Transportation Subprograms:

TRNPLX
RESET
XCK
SWAP
RESD
ROW
GET
DELTA
MIN
NEW
PIVOT

e
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INSERT PROC
LOGICAL OMIT
DIMENSION TY(1),IA(1),155(1)
COMMN /B1/1JR(21,500), JTU(‘.'OOO) LRS00 - DR(S00}
IIZU?Y;JN /B2/LFRIZ000) s IFR(2000)  MFR(2000) 2 CFR(Z000) . BFR(2000), DFR (2
000
COMMON /B3/N7DES(2,500)» TJPR(2, 2001, ENFR (2001, JEV(100) , SMIT{ 2000

1.2 "NAHE':N 6\1) HAPNUU)
: 1ol 1XU_U[(215‘\0))LLDC(5("0)

230 CAPLAK | 2000)

EL\UL‘ML:I\& i1 Y Y‘TV\LA,A);\.\
END

INCLUDE SOURCE. INSERT

Do Yo } o)

CN.L MASTER
5T0P
END

SUBROUTINE MASTER
C MASTER CONTROL SEGUENCE
INCLUDE SOURCE. INSERT
DIMENSION NREG(40).NREADYI3)
DATA KINL,KINZ, KIUTT, KOUTZ, KOUT3/5: 5461647/
DATA YES/<OK*/
DATA NREADY/0,0,0/
REWIND 10

5 READ(10,501,END=10) J» (MAP(1.J) . 1=1,4), (SNAMES(1,J), [=1,4)
301 FgRHATéSIbu.X + 4A4)

10 dRITEn}BHT} /.-‘-b)
666 FURMAT(/" LIST OF CONTROL OPTIONS'/‘ NO, CONTROL OPTION
177 0 REFEAT LI5T OF CONTROL OPTIONS’
2/ 1 INPUT/COMPUTE CRISIS RELOCATION PLAN’
2/7 2 RUN ROUTE FINDING/LOADING ALGORITHM‘/
27 3 SIMULATE THE EVACURTION'/
37 4 ASSEMBLE NETWORK FROM DATA FILES‘/
4 3 FREAD STORED NETWORK'// &  ZAVE GENERATED NETWORK-
3177 REASSIGN INPUT CHANNEL FOR FARAMETER VALUES/
6/ 8  REASSIGN OUTPUT CHANNEL FOR SUMMARY TABLES
7/ 9 REASSIGN OUTFUT CHANNEL FOR ROUTE LITING
8/° 99  TERMINATE PROGRAM’)
20 WRITE(KOUTL.401)
401 FORMAT(// INPUT CONTROL OPTION NUMBER’)
READ(KINY, #, ERR=20) 1
IF{1.NE.99) GO 7O 25
WRITE(KOUTY,608)
508 FORMATI LY, “TYPE "K™ TO TERMINATE®)
READ(KIN], 603) AYN
IF (AYN.NELYES) G0 0 20
WRITE(KOUT1,609)
409 FORMAT(1X, 'PROGRAM ENDS)
IF(KOUT2.NE. 6) WRITE(KOUTZ,620)
TF(KOUT3.NE, 6) WRITE(KIUT3, 620)
620 FORMAT(/171%)
IF(KOUT2.NE.6) ENDFILE KOUTZ
iF(KOUT3,NE.6) ENDFILE *0OUT3

RETURN
25 IF(1.LT.0.0R. 1.3T.9) GO T0 2
WRITE(KOUTL.603) 1
&03 FORMATULY, “CONTROL OPTION /, 12,/ TYPE "0OK® T0 EXECUTE")
READ(KIM1,605,ERR=20) AYN
405 FORMATA2)
IFIAYNNE.YEDY GO TO 20
IF(1.GE.4.AND. I NELA) 50 TD 40

TCIT CO NN 00 T6O AR
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TFU1ILE. 3LADL MEEARY L 1)LEG. 1) 50 TO 40
TE(TLED. £, 540, NREADY( 1) ED. 11 G0 TO 40
FIILE0 1) WRITEROVTE 611D
FiEL D W M.eis

EOUTL AL
AR PR RN P

GU TO (100, 30, 100, 250, 200, 300, 500,310,320, 3200, 11
30 CALL SETUR(KOUTL,KOUTZ, KINZ, NN NL, NREG, NFR, INF3)
NREADY{2)=1
IFLINFELERG D) NREADY(2)=0
NREADY{(3)=0
G0 0 20 ,
100 CALL PASI(KINZ,KOUTL,KOUT2, KIUT3. NN. NL, NPR, WRT HRS, PV, KTED,
1AL1001))
NREALY{3)=l
IF(NRT,LE.O) NREADY(3)=0

60 T 20
200 CALL BUILD{KINZ,KQUTY,KOUT2. NN, NL, NREG: A, IY)
240 NREADY{1)=1
IFONN,LE. 0.CR.NLLIE.0) NREADY({)=0
NREADY (2)=0
NREADY{3)=0
G0 o 20 o
250 CQLLDEVR£(KDUTJ,KDUTz,NN,NL,HRS.PV,NRT,A,Y,5(1001))
o0 70 20
300 K3=1-4 . .
CALL SAVER(KS, NREADY. KIN1, KQUT1, KOUT2, NN. NL) KREG)
IFTLLERLS) GO TON 240
G0 10 20
310 WRITE(KQUTL, £06)
READ(KINI. % ERR=310) K1
IF(RT.EQL FOUTLL R, KT, EQLKOYTZ, (R KT, EQLKOUTS) 50 7O 330
[F(k1.LE. 10.ANDLKTLNE. S0 GO T 330
IF{K1.5T.20) 50 70 330
KINZ=K1
60 T 20
320 WRITE(KOUTT, 607)
READCKINL, #.ERR=320) KO
IF(KQ.EQ. KNG, OR. KO, EEL KIN2) 50 0330 .
17 KD, LE, 104 AT, KD, NEL 6. ANDLKCLNE, 7) GO TD 330
IF{1,EQ. 9. AND. KOLEQ, KIUTZ) GO TQ 330
1F{x0.07,30) GO 7O 330
IFELERL) KOUTZ2=KD
IF{1LER 90 KOUT3=KQ
010 20
330 ggllﬁ(gpgTi,elol
LAY
606 FLRMAT{1X, " INFUT NEW CHANWEL NUMBER (S=TERMINAL)')
£07 FORMATILX “TWPUT NEW CAANREL NUMBER (a=TERMINAL)
410 FURMAT(IX, " ILLEGAL CHANNEL SELECTION')

END

'

SLBRIUTINE FASSCKING, KOUTL, KOUTZ, KOUT3, NN NL, NPR, BRT, HR2, PV, KTCC,
173N
C [NE PASS
INCLUDE SOURCE, INZERT _
DIMENSION NPV{4),MPHUA), XPV(4), XPH(4),TST(L)
DATA YES/ 0K’/
00 3 L=1.MC
OMIT(L, 1)=.FALSE.
3 OMITUL, 2)=.FRLSE.
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£ INPUT NETWORK PARAMETERS

210 WRITECKOUTL, 506}

506 FORMAT! /44, - INPUT VEWIZLES/UANE/HOUR FOR 1ILIMITED ACCESS, 20FRIMA
1Ry ~-LQNE DIRI¥ARY 2-LANE. 31SECONDARY HIGRMAYS )

) hEAD Seins :HR-q‘O) (NFY KD E=L.4)

20 WRITELKCUTE,40%)

=08 FCRHAT(lL,’INFUT AVERALE EFEEB IN MILES/MOUR FCR OLILIMITED ACCE
1 ZIFRIMARY d-LANE, 3IFRIMARY 2 LHdEv &) ST MDARY HISHWAYS )
FEADCK INL, 40 ERR=P20) IVFH{S ) E=L. )

Y
ST C O

1000

T= XPH(I)
IF{KILLE.3) G0 T0 14
U=XPV{2)
T=XF13(2)
IF{K1.ED.4) GO TO 14
Y={rVis)
T=1FHID)
IF(K1.ED.S) 30 7D 16
V=XpPY{4)
T=YPH{4}
16 £=2.9
IFLER D) ©
HA(SE bT 4) C
C=VxC
BFRIL)=C
FOLNK(L)=T
CARLNI(L ) =C
CRRIL)=DSTLRKALY/T
IF(CFRILYLLE. .00 CFREL)=0,01
3 CONTINUE
360 WRITE(KOUT1,423)
623 FURMAT(1X, "INPUT HIGHWAY CONFIGURATION CODE {INCRMAL, 2)CNE WAY. 3
{)VARTABLE LANES/ )
READ(KINY, ¥, ERR=340) KTCC
IFCKTCC.LTL L ORLETEC, AT, 3) 60 TR 380
WFKTCCLLE.2) GO TO 270
00 3465 L=l
265 BFRIL)=2, 0+BFRIL)
370 WRITE(KOUTL, 624)
424 FORMAT(1X, “INPUT PASSENGERS/VEHICLE X 1007)
READ(KINI, #,ERR=370) PV
TFCEPYLLT.O.0R,KPY, GT. 10000) GO T0 370
FU=FLOAT(EPYY/130,0
220 WRITECROUTL,629)
£29 FORMAT(LX, " INPUT NOMINAL EVACUATION TIME IN HOURS X 1007
READIKING, #,ERR=320) NH
HRE=FLOAT(NH) /10040
TF(HRS.LT.0.0, UK. HRS, 6T, 24.) GO 10 320
390 WRITE(RDUTL, 6200
$30 FORMAT(1X, 7 INPUT DELAY TIME TERMINATION LIMIT IN HOURS X 1007)
FEADIKING, #.ERR=350) ND
TTL=FLOATIND) /100.0
R OHDTLLLT, WS ODTL=HRS/2,0
WRITE(KDDTE,850) (XPVAK) . APHLK) ,K=1, 4}
IF(KTOCLER. 1) WRITE(KOUTL,ASD)
IFUCTOL,ERL D) WRITE(ROUTL. 4521
IF(ETCCLER. 2} WRITE(KOUT! . 45%)
__WRITEIEITL.658) PV, HRZ, TTL
RS FORMATL/ 1N, HIGHWAY CLASE  VELS/LANE/HR  MILES/HOUR'/
1% LIMITED ACCESS W F10.0-F 12,0,/
21X, "PRIMARY 4-LANE ’;FlQ.O,F12.ﬂJ
310 PRIMARY Z-LANE  /4F10.0.F12.0/
41X, “SECONDARY” » 74, F10,0,F12,9)
451 FORMART(1X, "HIGHWAY CONFIGURATIUNS NORMAL TWO WAY TRAFFIC')
£52 FORMAT(1X, "HIGHWAY CONFIGURATION: CNE WAY CUTZOUND TRAFFICH)
553 FORMAT (1), "HIGHWAY CONFIGURATION: VARIABLE LANES TRAFFIC’)
£54 FURMAT(IX, "AVERAGE PASZENGERS PER VERICLE: /,FS,2/
$1X, "NOMINAL SVACUATION TIME: ',FS5,2,7 HOURS"/
210, "DELAY TIME TERMINATION LIMIT: 7F9.2, 7 HOURS )

L—AM
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IF(KOUT2.EQ. 2) 40 70 400

TALL HERZER(KE LT" 2.0

WRITE(K gU|¢,uJO; \XP”\E) XPH(K]) E=1,4)
1F mLL Ed 1) WRITE(RCUTZ x‘l;

T.C. .:Q...) Wyl TEACQUTZ, 452
FIKTCCLED, 3) WRITE(ROUT2,452

@é}fE;aﬁUT~ ) PR, TTL

nll:n t

ERATE ROUTES
RN =‘«va*'a )
n A i 2‘.'
NRT=1)
5 NRS=NRT
NIT=NIT+]
NEW=0)
7 =)
00 30 KPR=1,\PR
IF{DENPR{KPR)LLT. 1.0) GO TD 20
JR=IJFR{1.KPR)
IF(NE.EG.OQ) GO TO 20
L0 10 JE=1.NE
IF(JR.EQ. JEVIJE)) GJ TO 30
10 CONTINUE
20 NE=NE+1
JEVINE)=JR
C WRITE(11,401) NEvJR
501 FORMATILX,214)
CALL PRICE(JR/NN.Y{1,NE).LFR, IFR,MFR, CFR,OMIT(1,2) . NODES, IA(1001)

1,5
30 CONTINUE
IAX=9797.0
40 COLD=CMAX
{MAX=0.0
KMAL=0
B0 70 KPR=1,NPR
IFCCENPR(KFR)LLT.L.0) G0 70 79
JR=1JPR{L,KFR)
1521 JPRIZ,KFR)
DO 50 .JE=1,NE
IF{JR.EQ. JEV(JE)) GO TO A0
SO CONTINUE
o3 70 70
60 IF{Y(13,JE)AT,C0LDY GO TO0 70
IFCY(IS,JE) LELCMAY) G TG 70
CHAX=Y(ISHJE)
KMAX=KPR
JMAX=JE
70 CONTINUE
iF(KMALER,0) GO TO 200
IF{NRT,EQ.500) 50 TO 200
INRT=NRT+]
IR(NRT)=0.0
CR{NRT)=CMAX
TR NRT =HAY
R=TIPR( L KMAK)
19=1JPR{Z, ¥ MAX)
UHLL ROUTE 1% y:.R IchJv \RTaL :Evl:R Y(l'i JHA‘)M.HLFR' FR ”FR" :RiLMI‘“
11, 1),NCDES)
Y{145, JMAX)=1,0ELD
SEUIRNGDGER, 0) NEW=NEW+L
IF { IFNO.E0Q. 0. AND. 1F 3AME (NRT.NRS, TUR)LEQ.O) GO TO 80
75 NAT=NRT-{ .
B TO 40
30 IFiNRS.E2.D) GO TO 40
r{H=TXHER‘NRT)F‘J!HREMTLTE)
D3 35 KRT=1,NRS
1F(TJR(2,KRT) B KIMAX, AND, TYM.LE,A(KRTY) 550 T0 40
35 CONTINUE
GJ 10 7S

|y 3
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200 IF(NEW.GT.O) o0 77 87
’\nc | AbT_

DIV=100,0

30 70125
31 LAST=0

AFY *am.x.:.NRa) GOTO IS5

FR=IRIZ
R(FRT)‘TIMER&PM PV, HRS, T1.T2)
S{KRT)=0.0
IFATSTURR) LTLALKRT) ) GO TO 130
TST(KPR)=R(KRT}
15S(KPR+1000) =KRT

130 CONTINUE
00 140 ¥PR=1,NFR
IF(DENPRIKPR)LLT. 1,0} GO TO 140
JRT=ISS{KFR+1000)
S{JRT)=DENFRIKFR)

140 CONTINUE
DIV=DIV+1.0
wi=2,0/01V
We=1,0-Wl
KHG=)
0 150 KRT=1,NRT
IF{ABS(DREKRT)-SIKRTH).GT. 100,00 KHG=KHG+L

150 DR(KRT)=W1#S(KRT)+WZ*0R(KRT}

C WRITE(6,502) (DRIKRT).KRT=1,NRT)

502 FIRMAT(1X,10F12,2)
IF(DIV.GE.S00.0) GO 70 175
IF(KHG.GT. 0, AND. DY.NE. 100.0) G TO 1290
CALL LORDER(NRT, NL,KTCC)

160 DN 131 VFR=1,NFR

131 TST(KPRI=1.0E20
L0 122 KRT= lmRT
FPR=TJR{ZI KR
IF{(A(KRT). LT TST(KFR)) TST(KPR)=AKRT)
CONTINUE

. 132
DO 138 KRT={,NRT
KPR=1JR(2,KRT)
IF{DR{KRT), GT. 0, 022DENPRUKFR)) GO TD 133
TFCACERT)LLTL 1L OZ4TST(KPRY) 0 T 1323
133 GRK=0R(KRT}
DR{KRT)=0,0
DD 134 JRT=1,ART
(FOLJR(2, JRT) NELKPR) GO TO 124
DIRCIRT)=DRIJRT) +IR (JRT) #DRK/DENPR(KPR)
134 CONTINUE
138 CONTINE
NR3=0
4 144 ¥RT=1,RT
{FLOR(KRT)ER.0.0) GO TO 144
NRS=NRZ+1
CRINRS1=DR(HRT)
CR{NRSI=CRIKRT)
NF=IJR(1.ERT)+1
) 142 J=1,NF
142 1R(J.NRS)= IJR(J,I'RT)
144 CONTINUE
NRT=NRS
CALL LORDER (WRT, ML, KTLL)
[FILAST.GT.0) GO TO 175
155 CALL BLOCKIKQUTL,KQUT2, NN NL, YT, PV, HRS, TLNIT. NRT)
IF(TL, LE 2.0+0TL+, 001, 0R.NRT,EQ,500) GJ 70 20%

GO TO S
175 CALL SHOM(KILJT2,¥0UTZ,NPR, NRT, "E PV, HRS, A}
o
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SUBRCUTTNE ORTER(NN, ML, LR IFRJ T MFGIFR T35 1D
RECRLER 1INk 15T .

DIMENSION LFR{L}. IFR FRUL T ERELD PRV IBELLITND

CALL TIHE\OQ

WH1IEL7 AN ¥ ~-“m.mr), THURY FR U DP AR 2

‘Fﬂ( (1‘IL|F10 Gl 3
)

%

10=1FRtK)
ST
=R KD
CO=tFRIK)
EO=LFROK)
TFRUC) =TFRIKD)
JIGLR)=JTRHED)
MFR{K =MFRIKD)
CFR{K)=CFRIKD}
1FR{KQ)=10
JTR(KQ ) =0
MFR{KQ)=M0
CFR(K)=C0
£1=135(K)
125(k0) =K1

30 LFR{K1)=K0
D9 3% K=1,MN

35 LFRIKY=0

J-
0 40 K=1,NL
IF(JTOMK).EQ.J) GO TO 40
JHJT0K)
LFRLD =K
O CONTINUE
Ni=Kn+l
N2=N1+1
LFRINL }=NL+
00 50 K=1.N{

Ki=N2-K
TFILFR(ELYERL O LFRIKD)=J
50 J‘LF?(Pi)
00 90 k=180
Ii= IFR(K)
I93(K)=0
12=JT01K)
Ls=tFRID)
LF=LFR(I1+1)-1
U0 60 L=LS.LF
TF(IFR(L)LEQ. 12, AND. WFRIL).ED.MFRIK)Y 6O 70 70
40 CONTINUE
0 TU 3¢
76 I5: Sk =L
3‘) CONTINGE
D0 %0 k=1l
L-L.‘Q“'\
WRITE(L$6U1)
LERGKY S DRRUE),ITRED 18560 JMERGEY, TFROL) ST 158 L MFRL)
{ FORMAT (X, lul‘)
0 JTU(K)=ISS(K)
RETURM
END

+
=

C ¥
50
3
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QRUHTI“E HR‘FH;IK nJv%v;'gwxl‘vnFq L ﬁr.H¢ )‘LLEH :{, 5?

IT oiq'.&b F‘F\ TARFF L -4

IP’TI.

T D) LR PR FR UL DFRO L DRI T3, 22302, 10,20y

l'"'

'rF=t,FR(I'T+1)-1
IF(RS.GT.KF) 50 70 25
I0 20 K=KS,KF

TG=IFR(KD

JK=155¢1, 1K}

FORMATELX, 515 3F9.3,816)
IF{JKLT.T) GO 70 20
P=5(11)+CFRIK)
IF(P.GE.S{H)) GO TO 20
IF(OMITIK)} GO TO 20
WRITE(11,600)

TKs IT.MER(K)» JK5 1, CFREKD . SUT1), SEJK)  NIDES (1, IK) . NIDES (1, IT)  HODES( 154
K} NODES(L, [

19
20
29
30

40

50
60

70

401

SGR)=P

CONTINUE
IF(1.GELNN) GO TO 60
J5=1+1

J=1

P=3(1)

00 40 J1=15.MN
IF(S(J1),GE.P) 5O TO 40
P=5(J1)

)

CONTINUE
S(J)=8(1)

StI)=p

N= IQ\I(L'J)
155(2,J)=188(2, 1)
ISO Lvl)-
135(1,N)= I
N=1S81(2,

155(1, N)—J
CONTINGE

D0 70 1=1,NN

§) » I=1,KN)

1§l§lBFdJUTIhE ROUTECIS:JR, IFNG- KR, TUR» TR, Y, 5, LTO, JTO, MTO, CTO, OMIT,NOD
{ FIND THE ZEST I[]ICTINCT RCUTE FRM 15 T0 UR

5

LOGICAL
3:1@3}55 TR e

ON LT0 Vo MTOULDETO01 ) OMITC L) NIBES 2,
DATA LI¥, TOL/19, 1,001/ OHITL) NIGES (3 1)
00 S L=1,407
J=T00L)
A LODOMILES (1. | OMITESL 2 ) LES 2,

S GIL) L LTOIL T NJYMT ' JBTRL,
EITE (5 602 LT SN T S CTOML Y BROIL Y1)
WRITE(6,602) KR, 15+.R
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1FND=0
IJ?( LiR)=g

L8R =Y11S)

DL ILLE,LIM B0 TE 0

,a"l(l")ﬂulu( VIIGR(L K+l ER )y imt, 1D

QET'RN
30 GRR=3{KR)
{3=LT0(1)
LF=LTO(I+1)-1
D0 SO L=LS,LF
IF(DNIT(L)) GO 10 50
J=JTO(L
HRITE(b £02) 1,518, JRa Lo MTGHL ) » CKR, CTOAL) YLD, VLIS Y(UR)
602 FORMAT(1X,619,5F9.3)
IF(CKR+CTO(L)+Y¢d) . LT.CTEST) GO TQ 55
S0 CONTINUE
70 IFNG=1
EE%IEéb 1802) 15,0518, JRy Lo MTRUL) » EKRS CTOLL), YD) Y LIS Y (R)
S5 IJR{1,KR)=IL+L
LIREIL+Z, ¥Ri=L
S{KR)=CER+CTOIL)
CRUKR)=S{KR)+Y(J)
IL=1L+1
WRITE(10,400) KR|CR(PE)1J(kR) MTO(L)» {TJR(1,K+1,KRY =1, 1L)
500 FORMAT(1X,15,2F9.2, 2015/ (25X, 2015))
G0 T0 20

SUBRCUTINE COUNTY (KOUT2, NN, XLLOC, LLOC, NODES, ANAMES )

C LIST POPULATION CENTROIDS

DIMENSION XLLUC(z,i) LLGC'l).&UDE”( 2+ 11 ANAMESCT, 1), ALPH(S)

DATA ALPH/ 'A% "By 'C/ 2 D"y ” 74"

IF(KOUT2,NE, 6) IALL HERDER(KUJT‘,4 1

uR]TElRDUTz,bol)

[0 10 J=1,NN

IF(NQDES{%,J).6T.0) G TO 10

Y-iOOU*NODES(l J)+2¥NODES(2,J)-1

POP=XLLOC(1,J)

AR=XLLOC(2,d)

DEN=FOP/AR

Li=lLucid) /1o

IF{L1.EQ.0) L1=5

L2=LLOCE)) -104L 145

AL=ALPHILD)

CF=ALPHIL2)

WRITE(KQUT2,402) K, (ANAMESLT,J),1=1,7),PLF . AR, DEM, AL, CF
10 CONTINUE

RETURN

£02 FORMAT(1X, 15,2X,4A4, 2%, 3A4,F12, 0, LFS 0'3X AL LGAD

601 FORMAT!/1X, FOPULATION CENTROID LIS
11X, °FIPS_ PLACE NAHE’,BX"CDUNTY'ySX,’PDPULATION AREA’
ZéNDDENS.lTV FEMA")

e ettt

- ——
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y

ny

&

R
o

e

j ) FROM WGOELIST FILE ) iy
1% é:iLL;El:vii.?bﬁsbis-!)‘ANGNE5(7‘1}:;LJQk11
. LIS RRAIE I

LI NR

K=
00 40 J=1.40
TEMAP L, 1) ERLOURINREG () LEGL D) GO T 40
NR=MAP( 1. J)
FIND (8"\R)
NF=MAP (2. 4)
IF(JO.GT.0)Y NOLOC(Z,. i) =K
NgL?C(l,J)=K+1
J0=,
NNS=NF-NR+{
SRITE(KOUTL.501) NNS,.) .

L01 FORMAT(LX “READING 7+ [3.7 NODES FOR STATE 7, 12)
B0 30 JR=NR.NF )
K=¥+1
IF(K.GT.500) 60 70 36
READ (3'NR,Z02,ERR=:0 T, [T, 10, (ANAMES(T.K).1=1,7), k1P,
1x1A, IX
=10+ /2
XLLOC 1 1.K)=XIP
ALLOC(2.K)=11A
L.0CIKY =X
NODES(1,K)=IT
NODES(2,K)=1C
NCBES (3, KI=10)
3170 30

20 ARITE(A, 8021 JhuR

502 FORMAT(1X.2IS)
K=K-1

30 CONTINUE

40 CONTINJE

NN=K
NCLOC(2,.J0)=\N
RETURN

WRITE(6,403)
3 FORMAT(1X, ‘NUMBER OF NODES £XCZEDS 5007)
RETURN
301 FORMAT (AL, 15,2, 5A4,13)
302 FORMAT(IZ, 13,44, 11,120, 4A4. 25X, 3A4, 2X. 2F3,0,4X, [2)
502 EESHAT(IX,EIG,ZFS.O'ZIS)
|

FUNCTION LOCK(1T, 1. 10,NOLCC, NODES)
C FIND NODE INDEX NOLLC,NOTE
DIMENSION NOLOC{2,1),NODES(3:1)
KS=NOLOC(1.,1IT)
KF=NOLOC(2,1T)
DO 10 K=KS,KF
IF(NOBES(2,K).NE. IC) GO TO 10 )
IFINODES(3.K). NE. 10} GO TD 10
LOCK=K
RETURN
10 CONTINUE
WRITE (5,60
(6:601) IT,1C,[0,NOLCE(1,1T),NOLOC(2,
601 ;2?3%;(1X,’NODE UICATION ERROR’,SIS) 21n

END
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SUBROUTINE ROADS(NET, NRED, MAP. KIJUTL, NN, NL.C1J, TJWNOLDC . NODES)
C CONSTRUCT ROAD LINKS FRIM RUADNET FILE

DIMENSION CIJCL)2Tu(23,1),N0LOCE2, 1), NODES (2, 1)

DIMEMSION NET{1),NREG(1),MAP{4,1)

CEFINE FILE 9¢10000, 160,E,NR)

AL=0

0 &0 J=i,60

IF Mpfn I.CQ Q. CRNFEGEY) (ES 0Y 30 T 30

«nIT:fruUTl 01 NS,

=01 FURMAT(IL, 'RERDING 13,7 LINKS FIR STATE 7, 12)
00 30 JR=NR.NF i
READ {9°NR,S503,ERR=2S) IT,1C,I10,L1,L2,JT5d0+J0,L34LE, 11, K200
I3=NREG(IT)
JS=NREG(IT)
(F(IS.ER.0.0R.JS.EQ.O) GO TO 30
IG=(IC+1) /2
L {JC+1) /72
10=10+1
J0=d0+1
D=t Li-L3) #(L1-L3) #{LZ-LA) {L24.4) ) 44,5
TA=LOCK (I T, IC, 10~1,N0LOC, NODES)
J1=LUCK (T, JC JO~1, NOLOT, NOLES)
IFt11.E€.0.0R.J1.EQ.D) 60 TO 20
KODE=1000#K1 +JH+10000% (K2-1)
IF(IT.EQ.JT) GO T0 13
00 10 L=1,NL
IFCHLNE T L)) @3 T 10
IFGILNE.TO(2,LY) G 70 10
IF(KQDE.NELIJZL)) GO TO 10
60 10 30

10 CONTINUE

1(2:ND)=d1

TJELLNL) =12, M-1)
1J{d, NLY=1J(1,0L-1)
TJ03, NLISTJ (3 NL-1)
CIJINL)=D
60 T 30
23 NRITE(4,402) iR
502 FORMAT(1X,213)
30 CONTINUE
40 CONTINUE
502 FORMAT(2X, 13,12, 215,30, 13,12, 215, 14, 211 1%
503 EFRHQT(I‘,Iavl.,~IS,lX 12,13, 12,215, 1%, 211, I9)

END .

SUBRQUTINE SAVER{KFLAG, NREADY, k INL, KUITL, KOUTZ, M ML, HRER)
C SAVE R RETKIEVE ORDERED ARRAYS T0 BYPASS ORBERING
TNCLUDE SOURCE, INSERT
DI¥ENSTON NREG(1)
DATA YES/*YES'/
NREADY=0
TF(KFLAG.ES.0) RETURN
IFVFLAG.£0.2) GO T 100
S WRITE(KUUTLr 801)
READ(KINL, +,ERR=5) IFILE
iFCIFILE, LT, 11,0, IFILE.GT.30) G0 70 10
REWIND [FILE
EADUIFILE, ERR=200) WAL, (NREGK) 1,801, (LNOLEC L, 0 121,
READ(IFILE,ERR=200) (LFRIK), =1, NN}, LFR(NN#1)
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READ(IFILE,ERR=200) (IFR(J)>Jd=1NL)
READCIFILE, ERR=200) (JTO{J)»J=i L)
READUIFILE, ERR=Z00) IMFRIJ) J=1,NL)
READ(IF ILE,ERR=200) (U*TLNk(i‘wJ‘l:NL;
RERDCIFILE, ERR=2001) ((XLLLI(J,( "Wz 1,4N),
nEAD(IFIL:,tRR- .) '(

crey o oer

(LLLC(K) v K=1, 0N

-t .' W
'.hrul._ 1,052) #ud E"(lvi’”vl‘ly‘”
A.‘ :
451 FC
FED
<

STATE RAME")

2 SORM AT(lX I4 4X %14)

MITERCUTL 60C) NN NL

REWIND IFILE

NREADY=1

IF(KOUT2.EB.4) GO TO 30

CALL HEAGER(KIUTZ.5.0)

WRITECKOUT2, 631)

00 20 K=1,60

IFINREGIK) EB.0) GO TO 20

WRITE(KOUTZ,652) K, {SNAMES(I.K),1=1,4)

20 CONTIMUE

WRITE(KOUT2. 600} NN,NL

30 WRITE(KQUTL,&04) )
h04 FORMAT(/1X, LIST THE POPULATION CENTROIDS (YES OR NDY77)
READ(KINL,S501) AYN _
IF CAYNL B, YES) CALL COUNTY (KCUTZ, NN, XLLOC, LLOC, NODES, SNAMES)
FORMAT(RS)
RETURN
NRITE{KOUT1, 602}
READ(KINY, #.ERR=100) IFILE
IFCIFILE.LT. 11, OR. IFILELGT. 30 G0 O 100
REWIND iFILE
WRITECIFILE) NN, NL, INREG(K) »K=1:60) , (CINOLICEL, )5 121,205 =1, 40)
WRITECIFILE) (LFR(K} K=1,NN),LFR(NN+1)
WRITE(IFILE) (IFR(J),J=1,NL)
URITE(IFILE) (JTO(J).J=1 ML)
WRITECIFILE) (MFR(J),J=1,NL)

30
10

L~

WRITE(IFILE) (DSTLMK{J),.J=1,M)
WRITECIFILE) (CXUGC{J,K)a16=1.MN) =1, 200 (LLOCK 1 K=1, 8N)
WRITECIFILE) ((NQDESII,K).K=1,NN),1=1,3)

WRITECIFILE) ((ANAMES(I,K),K=1,NN),I=1,7)
6001F0R?AT(/1X,’NUH?E§ OF NETWIRK NODES "+ I3/1%, “NGMBER OF NETWOR

£01 FORMAT(1X, RSSIGN INPUT CHANNEL FOR SAVED NETWORK')
502 FORMAT(LX, “RSSIGN QUTPUT CHANNEL FOR SAVED NETWIRK®)
ENDFILE IFILE
NREADY=1
RETURN
200 WRITEC(KOUTL, E03)
603 gg?GGL(IXY“FILE ERRCR NETWORK READ CANCELLED”)

D

i SUBROUTINE SHOW(KIUT1, [FILE,NPR,NRT, NE, PV, HRS, XL)
C DIZPLAY A ROUTE
INCLUDE SCURGE. INSERT
DIMENSION XL(Z{,1)
IFOOOUTLLEQLS) GO TO 1
CALL HEADER(KOUT1, 2. 2)
1 CALL HEADER(IFILE,2.2)
WRITE(KOUTS,601)
00 210 KPR=1,NPR
00 200 JRT=1,NRT
IF(TJR(2,JRT) L NELKFR) G0 TO 200
D0 2 J=1,21
2 XL(\.,URTHI 0
IF{DR(JRT)LLT.100.0) GO TO 200
NRITE(IFILE,409) JRT
WRITE(IFILE. 608)
WRITE(IFILE, 610)
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100 NF=IJR(1,JRT)+1
M WRITE(6,668) JRTH(LR(1K2JRT)E=L.NFY, (IJR(Z, K2 JRT) S K=1,NF)
566 FORMAT(LX.101S)
C GG TO 100
3 L= IUF\'\NF':LRT)
I=1FR(L)
iﬁaﬁ;10000§N0555(11I)*lO*(i*NﬂﬂES(EnI)‘1)+NGDE5(3-I)
Nﬁl JUN

MGOEZHFR(L) +10000
WRITE(IFILE, 00) NODE:MODE, STOT,DTOT,SPD, (ANAMES(K,NGN) k=1, 5)

Lard

Nu NF Je2
1F¢J.ER.2) GO 7O 29

10 L=LJR(NJ+1, JRT)
IFINJ.EQ.2) GO TO 12
LO=1JRINJ, JRT)
I=IFR(LD)

o0 TO 20
2 I=1JPR(2,KPR)

20 DST=DSTLNK(L)
SPD=CPDLNK(L)
CAP=BFR(L)

13 T7=T+DST/ABS{SFD)

24 3707=7
DT0T=DT0T+DST
SPD=ABS(SFD)
VCL=0FR(L) /PY
TYM=VCL/ (2, 0%CAP)
IFITYM.GT.TIM) TIM=TYM
TOT=STOT+TIN
\BDE LOCOQ#NCDES (L, D) +10#( 2#NOLES (2, 1) ~1 ) +NCDES(3, 1)

25 CONTINUE
XL (NJ> JRT)=STOT
NH=MER(L )-1000# (MFRIL) /1000)
KH=MFR(L)/10000+1
MADE=MFRIL) +10000 o
TFIVH,EQ.1) WRITE{IFILE, 504} NODE,MODE,STOT, TiM, 70T, CTOT, 5FD, AP,
1VCL, CRNAMES (K, HON) ,K=1,7) ,NH
IF(KH.EQ.2) WRITE(IFILE,403) NODE,MIDE,STOT, TIM, TT,DTOT, SFD, CAP,
IVCL, (ANARES (K. NONY ,K=1,7) ,NH
IF (KH.E0. 3) WRITE(IFILE, 602) NODE, MODE,STOT, TIM, TOT, DTOT, $PD, CAP,
1VEL, (ANAMES (K, NON) 1K1, 7) , NH
30 IF(J.LT.NF) 60 10 S
XL.{2, JRT)=ST0T

60 WRITECIFILE,(0S) NODE,MOTDE, STOT, TIM, TOT,DTOT, SPD, {ANAMES (K. NON) K=

WRITE{IFILE, 406)
406 FGRMAT(1X)
T3=TIMER(.RT.PV,HRS, T1,T2)
ARITE(KGUTL, 6200 JRT, 1UR(2, JRT), CROJRT  [ANAMES (K NG1) 1 K=1. 704 4R
LNAMES (K HG‘”|V=1'I)|U|OT Tlv l‘.!T-.;
520 rGNFAT'LXrLJTLX THIOGFL0, 0,30 TA4,AX, TAS, 2K, F2, 1 H2NF3,. 2D
GO CINTINUE
210 CONTINUE

508 gBRHAT(1X 16, 2K, 15, F3. 2, F5. 1L, 2F3.0, X, TRS, INTERSTATE -
£03 ﬂ;ﬁHAT(lX 14, 2% 15, 3F2. 2, 0F8. 1, 2F3..0, 32X 74, U3, ROUTE ¢
602 FgRHAT(iX 162X, 15, 2F8, 2, IF3. 1, 2F8. 0, 3X, TA4, STATE ROAD ~
60’1F6RHGT(/1X» RCUTE + i)

410 FCRMAT(LX, 'NCDE  <ELE "AVEL DELAY  737AL QlET, %EP’1

U CAP. TS ELACE NAME Lo LOUNTY, 3( ROUTE NAME
£01 FORMAT(/1X, ‘ROUTE 4ARACTERI: AMS HND LOADINGS /727X FROMT 25X 70

17,82, "AVERAGE ROLARS /1Y, ROUTE 3QIR ckh LEES . EITY'»lZYv
TQTAL" S

END

1,5}




SLBROUTINE SCRTRN, IDAT, INDXHL) 75

INTEGER INDX.L

DIMENSION ICAT(L), INDX(1)
DIMENSIIN L)

§1=U

e -U

To=0

‘)

B’\
‘Bﬁ-Sx)*K;
0 250
.N""‘ CALCULATIONS
320 Ta=K2-T4
"I_K"\/ bl
NEXT TWIG
350 IFC(KLLER.K) G0 TO %49
Ti=Ki+1
k1= K1+1
Bi=R2
T3=T2
ADD 1 70 REFLECTED BINARY [UUNTER AND CARRY
400 r1 1172,
TFUIFIUCTDLLT.TL) 5D TO 470
Mi=Mi+l
T22T2-B1

60 T0 400
TWIG CALCULATIONS
470 T2=T2+Bl

1F{51.ER.2.) 50 TD 950
3-THIOS & 4-THIGS

ArlT LT T4) G0 TO 540

[>s &3 !(flm;"- 4 '

L]

Lyl

[r)

[ae)

L]

s
£
t
-4
=

-
C‘i

0 [F(T3, LT T8) G0 T 10
..3-T 16

[=]+1
Lal)=]
Lid)=1
J=g+l
oo 2-THIG
510 MisMi+t
630 I=141
Li=]
L{1)=]
Lii=l
L=
J=dH]
=141
L=
L(I)=I
Lidy=l
?0 10 750
MERGE LEAVES AND BRANCHE3
700 J=b-1
L0=J-1
Li=L{L)
L=l
790 tF[éUAI(L') LE.IDAT(L2)) B3 T) 320
=Lz

[er)
- Lll

(o]

1
b
3

(yw]

IFOLIEALD) 20 T3 270
LF\LDAT (LD, 67, I0ATILZN 53 TO 770

(L0)
IF{L1.NE.LO) GO 10 730

{




a9l

50

L0

kDR
503

402

Land

e

~—e
I3
e

176

=0
503

210

S04
LG

675
401
bk

607
04

v'l
(5 210 -nyL
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Go |0 880

M1=M1-1
IF 011,51.0) 50 TO 700
FAMEERO) 50 T6 350

“'NE""C OND RALF OF A 3-TWIO
3\

LNTxdlE
‘E"RN

..u.‘

SUHBRCUTINE BUILD{KING - ROUTL.KOUT2, NG NLS NREG, CTU 10}

O RSSEMELE NETWCRK COMPONENTS AND SGRT LINK3

TNCLLTE STURCE. Ik '"T
UI“E\C" Cluti), TdLs
oiM nDluN NEl(ln)ymREh( )
DQIH 0K, YES, Y5/ "3k ", TYES Y
WRITE(RDUT!,&03)
FORMAT (/7 TNPUT THE MNUMBER -F STRTES IN THE RESION (LP TO to)-
1EAB {‘NI, EFn 700 N3
IFINS T 1LORONGGOTL0) S0 T 7D
wPTTE (FQUTL. 502 N2
FﬁﬁPﬂ!\lX, WPUT U1 ETATE WOMEERS )
REAG(KINL, #,ERR=70) BV n=li NS
D0 50 K=1NS
IF(JZV(%).LT.K.DR.;EV‘?>.DT.3°J M 1070
CINTINGE
DO 120 I=1,60
NREG(I)=0
AR ITE(KECTL, 601)
) 130 K=1,N3
1= El( 0)
T }LLT.»DU\I A TS SIS O I B3
NRE - \1 =
&RITE(KGUT11607)
REQD(MINL,S01) AYN
IF(AYN.NE.K) GO TO 70

ALl STACK{NET.NREG,MAP, K INI, KOUTL, KOUT2, NNa NOLOZ, XLLCC. LGS,

INITIES, AHMMES)

CF{NNLLE. 2 RET“RN

CALL ROADSIMET, MR MAF KOLITL ) NN, L, CTds T ROLESC.NGTES)
IF(NL.E.0) RETURN

WRITECKGUTL, 2041 AN

ARITE(KOUTL, 4050 NL

FLRMAT{/ " NUMBER F NETWORK NGCZS H19)
FORMAT{ " NUMBER OF NETWCRE LINKS 2 19)
IFIRCUT2.EQL6) GO TO 200

CALL rEQUE?(KLUT 4.9)

2(rlUT2 601)

x=~év(ﬁ

1 ARITE! (T2, £06) I SNAMES( D = 8)
.k-‘- ..ig‘q‘ N

|

2605) NL

FRy L'=}J\11L)
STO=1500)
R =L L)
D5TLNR (L) LAJ‘L)
'LL. ‘:’RICRI Ly LFR! AFRYL'TO MFT* [is TLNK! 1Ay I
E(PCUl.a'MS)
REAO(KINI-?QA) QYN
{7 {AYNLEG, YES, OR.AYNLERL YS) CALL COUNTY
1K U”T..n!N f(L\.Ll\.vLLDLv o 'Lc.vpu\Hl |E3:

FORMAT(A3)
EER”AT\/ LGULIST THE POPULATION CZNTRGIDS (YER &R WOYT
FORMAT(/ 14, 'NUMBER  STRTE NAME !

F RN HT(lX‘va4l iAd)

FGRMAT (/XL /TRZ "OK" TO ASIEMBLE NETWIRK )
FORMAT (AZ)

END

)




77

SUBROUTINE SETUP(KOUTL,KOUT2, KK INT, NN, NL.NREG, NPR» INFS)
LIGICAL B
REAL*3 Z,P.R,X0
DIMENSION SY(100), DV(SO0), TEA00)» TVLTI0), JVIT00) , JRIZ00Y, JECLG)) F
14100), RES00), BLS000)
N'LHUE‘SDURLE {NSERT

! "sry; {‘\I {l.\l 11‘1"”1'\{1‘1’

::’ v UHL

CMITIL- 1=, H‘LSE

T D= FRL
r\.-"'FR(L)IlliKlU

l-zﬂFR(Ll =100008K11 /1000
=55, 0

IF{KL.EQ.8) T=43,0
IF(K1.EB,5) T=40,0
IFIKLGT.D) T=30.0
SPOLNE(L) =T
LFR(L)=DSTLNKIL)/T
IF(CFREL)LLE.0.0) CFR(LY=0.01
CONTINUE
YGE=0
th 0

1=
200 BRITEIKOUTL, b1
511 FORMAT(/, 1K, ” INPUT EVACLATION PLAN (YES R NO)?*)
READ(KIN1,511,ERR=200) AYN
511 FORMAT(A3)
IF (AYN. NE. TES. AND, AYN.NE. Y5) GO TO 22
WRITE(KOUT1,612) )
512 FORMAT(1X, "FOR_EACH FAIR INPUT: EVACUATION COUNTY NO.. RECEPTION C
INTY NO.. NUMBER OF FEOPLE’)
NPR=1
NE=0
205 NPR=NFR-1
IF {NPR,LT.0) NPR=0
210 CONTINUE
READ(KIND, #,ERR=210) 11,.J1,NUM
IF(11,E0.999) 60 10 125
{F(I1.LE.0) 60 T0 205
NPR=NPR+]
S(NPR)=0.0
11=11/1000
1C=(11-1000#1T+1)/2
1JPR(1, NPR)=LOCK (1T, IC 01, NOLOC NODES)
11=1JPR( 1, NPR)
1T=41/1000
10 (J1-1000#IT+1) /2
1JPR(2, NPR)=LOCK (1T, 1C, 0, NOLOEC, NODES)
JI=1JPR(2, NPR)
DENPR(NPR) =NUM
IF (11.EQ. 0. 0R. J1.EQ.0) GO TO 215
WRITE(KQUTL, 605) NFR, DENPR(NPR) , (ANAMES (K, 11),K=1,7) 1 (ANAMES (K, 1)
1‘ \“l’l
00 212 IE=t,
PR TIE) £ 11 60 10 214
212 CONTINE
NE=NE+1
JEWNE)=11 )
CALL_PRICE(L1,MN,Y{1,NE)\LFR, TFR, HFR, CFR, CMIT, NODES: 1A 3)

IE=NE
214 S(NPR =Y IE)

10 240
215 WRITEFIOTL 651)
551 FOR"ngéév ‘COUNTY NOT IN NETWORK ")
220 WRITESKOUTL,613) )
513 FORMAT(1X, /SPECIFY EVAUATION COUNTIES (YES R NO)?*)
REAG(KINI, 511, ERR=200) ATN
IF(AYN. NE. YES, AND. AYN.NE. Y3) GO TO 240
WRITE(KOIT1,614) 3
514 FORMAT(1X./FOR SACH EVACUATION COUNTY INPUT: COUNTY N3.. NCMBER'
1," OF PEQPLE")

wn
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NE-{
KlE=l

225 NE=NE-L
FINE.LT.Q) NE=D

230 CONTINUE
SEAD(KINL. &, ERR=2200 11NN
IFCILERP9) G0 TO 260
TEUILLE D BT LS
e

4 K
JOUIT L N TG NIES)

Ei=y

A
1F(J.E0.O) GO TO 235
WRITE(KDUTL, 505) NE.SUN, (ANAME (K, 1), K=1,7)
@@L%_PQI%E(J.NN,Yil NE),LFR, IR MFR, CFRL UMIT, NODES. TAS)
51T 23

235 WRITE(RQUTL4451)
{0 70 228

240 WRITE(KGUTL, £15) i ) )

615 FORMAT(1X,” xNP”T VULNERABILITY GROUP 200K (t T 4)7)
READ(KINI, #, ERR=240) KV
IF(RV.LT 1L OR.EVLGT. ) GO TO 240

245 WRITEC(KOUTL, 641}

6a1 FIRMAT (XL INPUT MINIMIM PZRCENT 'O 8 EVACUATED')
READ(KIN!. %, ERR=245) KFY
IF{KPV.LT.0, QR EPY.GT,100) GO TD 245
PEV=FLOAT (KPV) /100.0

250 WRITE{KQUTL, 516)

516 FORMAT/ 1X, "EVACURATE CQUNTERFORCE TARGETS (YES TR NOY?7)
EAD{KING. 511, ERR=280) AYN
IF(AYN.EQ. YES. OR.AYNLEDL YS) KF=i
NE=)
D0 270 J=1,NN
TFOILLOC(Z, J) LE.0.0) GO TO 279
JWsLLOCOD /10
JE=LLOR (D -10%JW
TFCoW.ERL 1 ANDLRYLER. 1) B0 T 260
TF{OW.GT. 1L ANDL N LEKVY (D TO 260
TFOJF. 5T, 0. ANDLKFLERG 1) GO T 260
G0 10 270

260 NE=NE+!
JE{NE)=J
SVANE)=XLLOC(1, J)+PEV
IF(JUF.GT.0.AND.KF.EQL 1) SVINE)=-SVINE} . i
CALL PRICECJINN,Y(1,NE),LFR, IFRyMFRy CFR, OMIT, NJOE 5 TAL3)
270 OINTINUE
EMAX=1.0E1D
290 WRITE(KQUTL,628)
425 FORMAT(LX, “INPUT POST EVACUATION MAXIMUA DENSITY IN EVACUATED COUN
{TIES IN PEOPLE/SQ. MILE)
READ(KING, #,ERR=3%0] MAXE
EMAY=HAXE
230 WRITE(KOUTL,617)
517 FORMAT(1X. “SPECIFY Rhl “rilﬂ COUMITES (YRS OR A7)
IJEHD\L Nu .unEF\R-
1F (RYN,NE, YES, AND, AYN NE V ) GO 1O 310
WRITE(TUTL. 418) N
416 FORMATO1L. "FOR EACH RECERTLM COUNTY [NPUT: COUNTY NO,, NUMBER®,
17 OF PEQFLE)
¥GR=1
NR=1
790 NR=NR-1
IFONR.LT.D) NR=)
560 CONTINUE
READ(KIN1. #,ERR=20D) JL.NUM
1F0J1.£0.999) G0 TO 350
IF{J1.LE.OY GO TO 290
NR=NR+1
JT=4171000
JC=(.1-10008)T+1)/2
SELOCE TCTH o 30 WL T -
OV (NR) =NLIM
JRINR)=J
TFUJLER.D) 50 TD 305
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WRITE(RCUT L 809) IR, W T ANNE R, 0 st T
JVINRY =L
M T 300
0% d%l:gthUT‘ »b31)
i

S WRITELEGITL, MDY
= F”“f“!},x (LUPUT MINDAM, AL PRE 050 T LN SETEFTIN 3680 TE

5:'1 na»nu

M. .\—NA ’([l
‘h:“ﬂ { ]
20 hRITE(KGUTl:SLO)

S0 FSRMATL L " TNPUT MINIMUM, “gi%ﬂdﬂ TRAVEL TIME IN HOURS £ 120

FEADCKING, &, ERR=320 AT
THIN=FLOATHINT) /100, 0
THAX=FLOAT (MAXT)/100.0

330 WRITE(KOUT, 621 4
521 FORMAT:1X, * INFUT MAKLA ™ =2 :0134F S0PULATION MULTIPLE X 1007)

READCKING, #, ERR=330) WP
IF(MP.EG,0) MP=130000
PM=FLOAT(MP)/100.0
NR=0)
D0 340 J=1,N\N
IF(XLLOC{2.0),ERLO.D) H‘ P30
DEN=YLLOC( L, /XLIBC(2, J
IF(DEN.LE. DMIN, DR.TEN, GE ALY 13) 1) 340
334 DO 336 I=1.NE
IFCJERVJECD)Y 50 TO 340
334 CONTINUE
NR=NR+1
DVINR) =1, 0ELD
JRONRD=J
380 CONTINIE
330 CONTINUE
IFNE.EQ.0,OR.NR.EG.™ 133 0 410
395 RMAX=1.0E10
IF(KGR.EQ. 1) 53D TO 405
400 WRITECKQUTY- 027
527 FORMATLX, “THPUT =037 Svactar{ AL UM DENSITY [N RECSTION +OIN
1TIES IN PEQPLE/SR, MILE")
READ(KINL» #,ERR=8001 MAXR
RMAX=MAXR
405 DO 23 I=1,NE
J=JELD
IF(SV(D,GE.0.0) 50 T 22
N(D=-SV D
6070 23
22 STEST=ALLON(1. J\-LWQ::‘ TR
IF(STEST.GT.SV(D)) ViD= STEUT
23 CONTINUE
IF(KGR.EQ. 1) GO TO 29
D0 27 I=1,NR
J=JALTD
25 DEN=XLLOC(L, D AXLLOfCz.
IFCRMAX,.LE.DENY DV(I =),
PMAX=(RUAZ-DEN) 2 0_L 102, .4)
JV(l)=2
IF(PMAL,LE. Y v 30 In 27
IF(FM&DEN,GE.RMAY 30 ™1 29
PMAX=(PM~1, 0V €DENRALLIN (2.1
TFCPMAX,LT.OV(I)) Bt
25 TF{PMAXLLT.DVODYy B ety
27 CONTINUE
29 M=NE+]

IF(NE EQ 0) 60 TD 420
D0 30 I=1,4E

30 53=55+5V( D

420 IF(NR.ER.D) G0 TO 430
00 40 J=t. MR

40 DS=DS+QV( )
SV(1)=1,0




430 WRITE(KQUTL- S . 0. =
525 FCRMAT(/10 “MUMBES 37 SVACIATZ Y COUNT 37 T4 54, EVACtERS T 29PULAT
1TON 7, FL2,0/1%, “NUMBER OF RECIPIION COUNTLS3 s (4 ¢ =B TION A
ZREA CAPACITY F12.00
IF(KGE. £, 1) 60 Ti) 42
PEY=100. D#PEY
WRITE(KQUTL, 552" »V.0EY
IFGRFLEGL 1) WRLTS i
47 IFCRORVES, 1) GO Try 44
WRITE(KQUT1. 5541 JM{1, JMAX, TAIN, TR, 04
44 IFCKGE.EQ.O) WRITZ(KINITY.65T) EMAX
IF (KGR, EQ.0) WRITE{KOUT1,456) RMAX
IF (KUT2.EQ.6) GO TO 45
CALL HEADER(KQUT2,1.0)
WRITE(KOUT2,625) NE,SS,NR. D5
IF KGE.EQ.1) B0 TO S2
NRITE(KDUT2.652) KV,PEV
IF(KF.EQ.1) WRITEKOUT2,433)
52 IF{KOR.EQ. 1) G0 YO 54
WRITE(KOUT2,454) DMIN, CMAX, TMIN, TMAX, PH
94 IFIKGE.EQ.Q) WRITE(KOUT2,655) EMAX
[F(KGR.EQ.0) WRITZ(KOUTZ,656) RMAX
46 WRITECKOUTL, 657)
READ(KINI.312,ERR=45) AYN
IF(AYN.ME.K) RETURN

512 FORMATIAD)

632 FORMAT(1X,“VULNERABILITY GROUP CODE: -,12/
11X "MINIMUM EVACUATED POPULATION: “.Fé,%, 7 PERCENT)

653 FORMAT(1X, 'COUNTERFORCE TARGETS ARE EVAEUATED’)

654 FORMAT(* MINIMUM RECEPTION AREA DENSITY: /.Fb.9,’ PECFLE/SQ ™ILE’/
11X, “MAXIMUM RECEFTION AREA DENS (TY: /,F5.0.7 PEUPLE/’ﬂ HILE /
21x, “MINIMUM TRAVEL TIME TQ RECEPTION AREAS! /.F4..." HOURS”
31X, “MAXIMUM TRAVEL Tli‘t TO RECEPTION AREAS" ’,Fb 2' HOURS” /
41X, “MAXIMUM RESIDERT POPULATION MULTIPLE:

635 EURHAT(lX,'POST EVACUATION MAXIMUM DENSITY IN EVACUATED AREAS: /»

1F4
bﬂrléﬂPﬁAT(lxy’PObT EVACUATION MAXIMUM DENSITY IN RECEPTION AREAS:
637 F?SﬁhT(/le ‘“TYPE "OK" TO COMPUTE EVACLATION PLAN")

K2=0
k&=0
JF{NE.ER.D, TR, NR,ER, 0, 0R, $5.6GT,05) G0 TO 140
IF(VQUT2.NE. &) CALL HEAUER(rnUT »1. 1)
WRITE(KOUTZ,631)
D) 450 IE={.,NE
1=JE(IE)
REC=0.0
D) 440 J=1,NR
JY=JR(J)
IECYLJY, TE) JGETMINGAND, YUY, IE) . LE. TMAX) REC=REC+DY (D)
DEN=XLLOC(1. I)/XLLOCt2, 1)
440 CONTINUE
WRITE(KOUT2,628) (ANRMES K, 10,K=5,7), XLLOC(L, 1) XLLOC(2, 1), TEN, 2V
11E),REC
450 (ONTINUE
431 FORMAT(/1X, "EVRCUATION COUNTY”, 4X, “RESIDENTS, 5X. “ARER ",
13X, DENSITY . 3%, AT RISK ROF. - 2X.'REC. CAPACITY")
623 FORMAT' 1X, JA4,3X, 2F 10,9, F10.2, 2F15.0)
529 FORMAT(!1X, "RECEPTION COLNTY',SX. "RESIDENTS', 4, AREA”,
13X, DENSITY’,4X, CRITERION’,2X, ‘REC, CAPACITY")
WRITE(KOUTZ. 027}
[0 460 J=1H\R
MER W)
DEN=XLLAC( L, JY) /XLLOC( 2, YY)
IFCAVJ).EQ. 1) WRITE(KOUTZ,632) (ANAMES (N, JY)K=3,70, XLLOC{ L, JY) 4 X
1ILLOCE2, JY ), DEN-TV ()
TF(UVLD LB, 2) WRITE(KOUTZ,A33) (ANAMES(K,JY),K=5,7). KLLOC L, JY), X
ILLGT(2, JY)» DEN DV (L))
IFINVGD . EG.3) WRITE(KIUT2,4638) (ANAMES(K, JY1,K=5, 71 XLLAC{L, WYX
LG, JY), DENS QWL
&32 FORMAT(1X 248X, JF10.0,F 10,2, 10X, "GIVEN",F15,0)
£23 FORMATIX, A%, 3X, 2F10.0,F10.2,.:X, "IENSITY ", F15,0)
634 FURMA™ 1X,3R4, 8%, 2F10,0.F10.2,7X, "MULTIFLE . F15.0)
4£0 CONTINUE
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IF{SS.LT, 1) ViMi=li-c3
DO S0 I=1.0NE

20 20 J=1WR
AEHE(j=1)4]

L( R( U

I

.,
AliL LT THINLCRLOALSAYLOT. TR A0SR =100, T+ATUA)

IFK1.NE. 1) GO 70 140
NO=M+N-1

NPR=Q

o0 120 J=1.N)
IF(Z60),LE.1.0) G0 TQ 120

£=[V(.))
IF(IE EQ.M) GD TC 120
NePR=NPR+1
[JPR( 1, NPR)=JELIE)
IR=gV{J}
SJPRI2,NFR)=R{IR)
NENPRINFR) =T ()
WRITE(&,667) Ja1E2 IR:NPR: TJPR(1.NPR)Y, [UPR(2, NPR), TENPRINPR)
JA=M#(IR-1)+IE
SINPR)=A(JA)

467 FORMATI1X,614,F12.1)

120 CONTINUE

125 IF NPRJLLE.D) 150 T0 140

INFS=0
WRITE(KOUT1, 4351 WPR

635 FORMAT(/1X, ‘EVACUATION PROBLEM IS FEASIBLE /1X,

1/NUMBER OF EVACUATICN/SECEPTION COUNTY FAIRS'.14)
IF(KOUT2,.NE.6) CALL HEATERIKIUT2,1.2)
WRITE (MWITZ.608)

A3 FORMAT(/ 1, 'EVNCUATTON/RECERTACN CUUNTY :’A’-\:' /1K, FAIR PEIFL
L ORIGINYy LKy COUNTY? s 10X, "LECTINATION' s S&, "COUNTY 5 11X, “HOLRS
2,7X, "MILES”, 54, 'DENSITY’)

DO 120 J=1,FR
IF(JLEQLNFR) GO TO 127
J5=J+1

00 {26 k=JS.KHFR

IF(S JhGE.E(KS ) 0 70 126
H=1uFR{L D
JI=IJPR(Z,J)

51=3(J)

P1=D0ENFRLJ)
TJPRUL, ) =10PR(L, 1)
TJPR(2, J)=1dPR{241)
S{=5{K)
DENPR{J)=DENPR(K)
1JPR(L,K)=11

TGPR{Z =1

S(K)=51

[ENFR( =P

125 CONTINGE

127 11=1JPR(1..D)
o1=1JPR{Z,. )

D0 128 1E=1\NE
[FOGECIE) BRI B3 TO 129

128 CONTINLE

127 CALL ROUTE(JL, 11, IFND, 15 TURSCR, YL, IEY, AV LFR, IFR MFR, CFR,
1OMIT(,1), NGDES)

D37=0.0

WE=TUR(L 1)+

£0 135 J0=3.\F

{=1JR{10, 1)
135 DST=DST+DETLIEIL)

JEN=XLLO (L, J1)

00 150 K=1,NR

TFCIOPRIZ,K)LEBLJL) JEN=DEN+DENPR(K)
150 CONTINUE
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DEN=DEN/XLLEZ(2,31)

RS INN G ot '

EOS FORMATOLG 180 240 F 1000, 3K, TAG, 3X, 724, %Y .52 .54 . mvm =
135 t}:;\J’I:I;«JUE » 181 2X,F 18 .vJX:.A“r‘;x:1H4|...X;rn.u.-.)l'x-.(.’.'f"..".-;)
Yol FORMAT LG 139 213,F3. )

RETLRN

190 Wi

1 &0l IR

; SUBRCUTINE LOADL (L, NRT,HRS, PV, XL, TIMES, NX.NTOT)
C LOAD LINK L
DIMENSION XL(21, 11, TIMES(IS) INUIS) WXL
INCLUDE SOURCE. INSERT

00 10 KT=1,14

10 XNKTI=0.0
0 30 JRT=1.0RT
IF(DR(JRT)Y, LE, 100,0) GO TG 50
NF=IJR{1, URT)+1
0O 50 J=3,F
J1aNF-J+3
3g(¥fR{J11JRT).NE.L) GO TO 50
TYM=TIMER(JRT, M, HRS,T1,72)
TYM=2,10€T2
CEN=DR(JRT) /(TYM#PY)
0O 45 kT=1,14
T=TIMES (KT)

¥A0=0.0
IFOIL(J0VJRT) LERLXLEJLVJRT) Y GO 10 40
25 YAD=DEN
5&27356.XL(J0»JRT).ANU.T.LT.XLiJl,JRT)+TYM) G0 70 49
SRl=0,
IF{T.LT AL AT CORLTLGTL AL (U0, JRTI+TYMY G0 T 40
IF (T, BEALCIT, JRTI4TYM) G TO 30
Xgﬁ;6(15XL(J1|JRTI)/(XL(JJ:JRT)-XL(JIaJRT)))*IEN
i
30 YAR(OIL LU0 RTI+TYM-T )/ (XLEJ0L JRT) -XL (U1, JRTY) Y#DEN
40 CONTIMUE
F ST =YNLKT 1 +XAD
M WRITE(65400) JRTdaJ1s T2 XAD, KLAJD, JRT ). KL{ULoRT)
A5 CONTINUE
50 CONTINUE
NTET=9
D0 60 KT=1,14
=100, 0#XN(KT)
X=X/BFR{L)+.49%7
NX{RTY =X
60 NTOT=NTOT+NX(KT)
L0 FORMATOLL SIS, AFLLL &)
RETURN
END

.. SUBROUTINE EVAC{KZUT1 KOUT 2, NNL ML, Y NRT 35
ACLUDE SOWRCE, INSERT
DIMENSION XLO21, 1)\ TIMES (150 XD LS, 1) KSCLS. 1) Nk iE
DATA TINES /2.04u,6008, 120016002001 200 s 32 2600083, 240, s 72, 138,/
o 100 it 1 18.020,,24, vJ‘..sq'\'.VQun-':n()n:,.'.v34.i
00 70 J=1,500
90 XDi1,)=0,0
£3(1,11=0,0
¥541,2)=0,0
100 X3(1,3)=0,9

| . : "

RRITE (KOUT2, 605) D IENFRI, CANAMES K, 1130 K1, 7Y CRNAMES LK, 1) Ko

'y
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140
150

1460

170

150

190

200

et
b1l

Alo

613
614

70

30 IPCRGEGL00) B0 TD 1T

L 140 J=101,NR
IF(I3.EQ,155(J)) G0 TO 180
CONTINGE

NR=NR+1

;33(NR)=15

J=N
00 190 KT= 1 14
‘TI MES(KT
TIHER(kRTyPV HRS,T1, T2

F“ 1.0

1F(T.GE.2.04T2) GO TR 170
FD=T/{2,0472)

Fa=1.0

IF(T. GE JT142,08T2) GO TO 1320
Fa=0.0

IF(T.LE.T1) GO TO 180
FA={T-T1)/{2.04T2)

XDUET, 10=4DUKT, L) #FT4DRIKRT)
ADET, d) =D (KT D +FADRIKRT)
XS(KTy 1)=XS (KT, L) +(1, 0-FD) #0R(KRT)
A5(KT+ 2)=XS(KT, 2} + (FD~FA)*[R{KRT)
X5(KT» 3)=4S (KT, 3)+FA+QR(KRT)
CONTINUE

%0019, D=(0(15, D+DRIKRT)
ADLS =015 #DRZRT)
W2015, Li=iE015, D +IR(KRT)
CONTINUE

WRITE(KOUTL,611) XS(15,1)
IF{KOUT2.EQ.6) 50 TO 210
CALL HEADER(KQUT2,3.0)
WRITE(KOUTZ, 6111 XS(15, 1)
230 k=17

00 220 £7=1.14

(=100, 0#XS(RT K /X5(15: 1)

D NX{KT)=X

IFKLERL 1Y WRITECUTY, 6120 INX(KT)KT=1, {4)

[Fik.EQ,2) WRITE(FOUTL 613) (NRIKT)KT=1:14)

[FUKLER. 3) WRITE(KOUTL,&614) (NKIKT)KT=1,14)

IF(ROUT2,EQ.4) 150 T) 230

TFIKGEQL L) WRITEAROUTZ, 612) INXET),KT=1,14)

IF(K.EQ. 2} WRITE(ROUTZ, 4130 (NX{KT).KT=1,14)

1;;¥.%@.31 WRITE(KGUTZ,414) (NXTKT),ET=1,14)

i e

FDRHAT(‘IX ’EVALUEE“} -,Féo.u.sx. ELHPSE% HUURo L 2z 44’1
12 ( a A0 7l 340

FUQHRT 1 PERLEST#GE {F EVALUEES AT RIZA :101 145)

FLRMAT (LY, "FERCENTAGE (OF EVACLEES EN ROUTEZ, X, 1415)

FORMAT(1X, "PERCENTAGE OF EVACLEES RT “EﬂTINATICN 24 L4135}

IFLKOUTD.AE. 4 CALL HEADER(RIUTZ.2.1)

WRITE(KTUTZ . 619)

o) 250 I=1,

0 240 ¥T=1,14

1=100. D*XD(YT 1/8DIIS-1)

WX (KT) =X

JR=IS5(T)

NRITE\FHUT +616) {ENAMES (K, R1K=S, 7)1, 10(15: 1) (NKCET), KT=1, 14)

l’\ e l(. NE.5) CALL hEE'LCR\YUUT‘v-. &)

AITERDUTZ,61T)

0 230 J=101.R

[0 270 KT={,14

X=100. 0#XDKT, I /XD LS, D)

NX{(KTI=X

15=155(0)
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230 HRITE(ADHTZ,'lé) (ANRMES (K, 18}, K=3,71, XD{ 15, d) 0 (NK(XT) 0 7=1, 040
£13 FORMAT(./ 3%, "EVACURTION CEFARTURE SUMMARY/

}'X, F«“LNHI;UN COLNTY ”R\MEEb +19), 'PERCENTAGE TEPARTED AT °,
Z bLAF“:D AGLRT /306G 2 57
3 L O Rt L 3‘ & 33 & T2 88
) 'LJXH [t} “1 X‘ll4IJ)
a7 EPTICN M

1; )

2000 AL H:AEER(KFUT.:- K
RITE.ADUT~1600

WRITE{ROLT2, £01)

[0 20 f=1,MN

L3={FR(I)

LF=LFR(I+1)-1

[0 20 L=LS,LF

IF{DFRIL).EQ. 1.0ES) GO 1O 20
IF{DFRIL)/{PY#BFRIL)).LT.HRS) 0 TO 20

J=IFR(L)

NH=MFR{L)-1000% (MFR(L)/1000)
KH=IFRIL)/10000+1

CALL_LOADL(L,NRT.HFS, PV, XL, TIMES, NX, NTOT)
IFINTOT.LT.1) GO TO 20

IF(KH.EQ. 1) WRITE{KOUT2,604) (ANAMES(K,J),K=1:4), (ANRMES(K. I).K=1,
14),NH, DSTLNK (L), SPOLNK{L 1, BFR(L), (NX(KT),KT=1,14)
[F{KH.EQ.2) WRITEIKOUT2,60%) (ANAMES(K,J),K=1,4), (ANAMESIK, 1), K=1,
14), NH, DETLNCCL) » SPDLNKIL) , BFRAL) 5 ENX(KT), KT=1, 12)
IF(KH.EQ.3) WRITE(EOUT2,602) (ANAMESIK.J),K=1,4), (ANAMES(K, 1),K=1,
14), NH, DSTLNK (L), SPOLNK(L) , BFREL) » (NX(KT), KT=1, 14}

£04 FORMAT(1X,4R4,2X,4A4, 3X, “ INTERSTATE, 14, 277, 1,F5, 0, 14]4)

503 FORMAT(1X,4A4,3X,4A4,3X, °U. 3, ROUTE’, 14, 2F7.1,F3.0, 1414)

602 FURMAT(1X,3A%,3X- 444, 3X, “STATE ROAD’, 14, 2F7.1,F3.0, 1414)

20 CINTINUE

30 CONTINUE

500 FORMAT(/1X, "METWORK LINK CHARACTERISTICS AND LUADINGS”)

601 FORMAT(1X, “FROM, 19X, ‘707, 17X, “ROUTE NEME’ 24X - DIST. SPEED’,
1 CAP. Xy IERFENTAGE OF CAPACITY IN USE AT ELAPSED HULR',
7% 2 4 5 5 1 1h 0 24 37 40 48 &0 T 84

SUBROUTINE LOATER (NRT,NL,KTCC)
C LOAD NETWORK LINKS
INCLUDE SOURE. INSERT
00 S L=1,AL
DFR{L)=0.0
S CONTINUE
[0 130 JRT=1,NRT
TF(DR(JRT) . LE.1.0) GJ 70 130
SF=LUR(L,RTI 4]
D0 120 J=3,\F
L=10R(Js RT)
~Lo=aToIL)
110 GFR(L)=DFRIL)4IRCRT)
IF (XTCC.NE.3) 30 T0 120
S DFRILG=IFRILOI+CRIGRT)
0 CONTINUE
0 CINTIME
RETURN
END
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$ BRI T
T CEETELARACITATE

LT T2 AN L RTED AV ERD, THNITLNRTE

A

Ahxbu.t ‘,uuLE ne
=01
L -0

20 CONTINGE
JFILD.ER.0) RETURN
IF NIT.EQ. 1) WRITE(KOUTL, 501)
FONIT,.E0L 1L AND. KOUT2.NE, &) ARITE!RCUTZ, 3010
(3-0 F0#T1
LD a0 I=1.NN
S=LFR{I}
LF=LFR(I*1)’1
09 S0 L=LS.LF
IF(OMITIL-1)) G2 TO 50
T2=0FR(L)/ (FV#BFRIL)}
IF(T2,LT.T3) 50 TG 20
IF(OFR(LYEQLLL0ES) 50 T3 20
J=IFRIL)
NH=MFR{L)-1000%{MFR{L) /1000)
ER=HFR(L) /10000+1
T0=12/2.0
VCLS‘DFR(L)/PV
FIU0.GT, 0. ANDL KL ERL L) WRITEGKOUTL, 602) NIT.NRT,GFRIL) LS, TS,
14 QNAHED‘K:J) K=1,71, (ANAMES TR, 11,K=1,7), M0
IF7 0.G7.0.AND.KH ER. 2) WRITE(KOUTL, 602) N]T:NRT BFRILY,VCLE, TO,
1{ANRMESEY, J),K=1,7), {ANAMES(K, 1) K=1,T7),
IF(LO.GT, 0. AND.KH.EQ,3) WRITE(KOUT1, 604) NIT:NRT BFRIL),VCLE, TO,
LUANAMES(K, J1,K=1,T7), (ANAMES (K, ). K=1, 71 MR
TECLOLEA, 0LANDL KM B, 1) WRITEKOUTY, 605) BFRIL) . VCLE, TO,
L UANAMES(Y, .l"r 17)!\“1NAHED Ka10.8=1,7),NH }
IFLG.E0. 0. ANDLKH, 20, 20 WRITE(HOUTL, 6G6) BFRILIVELS, TOy
2(ANRMES K, 0),K=1,7), (ANAMES (K, 1)2K=1,7) N4
[F(LO,EQL 0. AND.KH.ER, 3) WRITE(KDUT1,607) BFRIL).VCLS, TO,
1IANAMES(K,J),K=1,7), (ANAMES(K.1),K=1,7),NH
IF(KQUT2.EQ.6) GO TO 30
IFCLO.GT. 0. AND. KK, EQ, 1 NRITE(*OUT 1602 NIT:NRT.BFRIL),VELS, 70,
{ {ANANES (K. J)5K=1,7), (ANANE“(P 1):K=1,7),NH
IFiLO.5T. 0. AND, KHLER, 2 %RITt(PUUT‘vDQF) NlT NRT, BFR(L)VCLS. T,
I(ANQHES(K;J);K=1,7),(ﬁNAHES(KvI) K=1,7).N )
IF(LO.GT. 0. AND.KH. EQ. 3} WRITE(KQUT2,404) NIT NRT.BFR(L) VL3, TO,
TUANAMES R, J),K=147) . (ANAMES (K 1)+K=1,7).N
IF(LO. 20, 0, AND.KH, ERL 1) WRITE(KOUT2, £05) EFR(L) VELE, TO,
LCANAMES (K, J) 2 K=1,7) ., (ANAMES (K, 1),K=1.7) . NH
IF(LO EQ 0. ﬁND kH £Q. 2} NR[TE(kOUT 1606) BFR(L) LS. T0,
IF(LO EQ 0. ANU kH EQ 3 NR[TE(POUT2v607) BFR(L) VCLS, 70,
E‘-NH\‘ED(Y\‘J)N 17 TANAMES (K 1) K=1 700N
30 OMIT(L, 1)=. TRUE.

L0=0
F(YTCE EQ. 2.AND. T1,3T HRS) EBFRIL;=2,Q%BFRIL)
40 r-JTO
OﬁIT(K,2)=.TRUE.
IF(KTCC.EQL 2, &4NDL TLLGT HRS) BFR{K)=1,0E-S
IF(KTCC.E.2) OMIT(K,1)=,TRUE.
=0 CONTINUE
401 FORMAT(/1X,"PASS RIUTES CAPACITY VERICLES DELAY  FROM,
112X “COUNTY 5 10%5 7T/ 18X, “DOUNTY ", 10X, “ROUTE NAME)
| 502 FORMATUX, 13,17, 30 2F10.0.F 7. s 3Y, 7R84, 4%, TA4, 4%, “ INTERSTATE » [4)
: 03 FORMATCLX.13,17,14, 2F10.0,F7. 2, 3%, 704, 4X, 7R4, 4X, "1, S, ROUTE. [3)
504 FORMATOLX. 13,1741, 2F10.0,57.2, 3%, 784, X, 7A4, 4, “STRTE RUADY, 14)
; 503 FORMAT(L2X, 2F10.0.F7.2, 34, 7R%, 4X, TA4, 4, * INTERSTATE ", [4)
‘ AUe ECEMATUIZN, 2F10.0,F7.2, 3%, 704, 4%, 7a4. 4%, “U. S, RQUTE, 14)
| 507 FORMAT L12%, 2F10.0,F7.2,3X, 704, 4)X, TA4,4X, “STATE ROAD, 14)
IF(T1.LT.HRS) Ti=HRS
RETURN
END

ot ' ‘
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FUNCTION IFZAME(LRT.MRT. 1aR)
CIMENSION TOR(ZLD)

IFSAME=0

IFONRT,LE. D) RETURN
No=lUR(4H R+

[0 20 kRT=1,N\RT
nﬁ={%R51,§RT)f1

5 0TI

STV AT o ameT  ma g es =s o
LR S I RV L PR S WA I S 1 I B 20 B

W
RETURN
0 CONTINGE

RETURN
END

 FINCTION TIMER(KRT,PV,HRS, T1,T2)
€ CGPUTE LONGEST TIME N ROUTE
INCLUDE SOLRCE, INSERT
T1=CRKRT)
30 T2=HRS/2.0

NF=IJR(1,KRT)+1

" D0 80 J=3.NF
L=1R(J,KRT)
T3=DFR(L}/ (2. 04PYBRRILY)
IF(T2.GE.73) G0 10 40
12273

CONTIME
TIMER=T1+T2
RETURN

END

2]

40

SUIROUTINE HEADER(IFILE, XNUM)
C ATTRCH HEADER
WRITE(IFILE,601) XNM
£01 FORMAT(///1H1, “TRBLE *»F3.1)
RETURN

END

SUBROUTINE TRNPLX{I1,K1,KZvKb6sX0,MsN,B-C, 30400, X5PR: 5, 0: Y 1h )
 MAIN CALLING SEQUENCE
|OGICAL B
REAL#8 X,F,R,X0,R0,A1,D1 A o .
DOMERSION BULL LI S0 D00 XU RO R 200 L1, DO(10, YL )y it
1,J(1)
L=M+N-1
T2=21.6

TO=T0+30{10)

00 5 wd=1.N
KQ=Ma6.10-11410
IF(ROLLT,C(KQ)) RO=C(RD)
CONTINUE

RO=1.01#R0

T2=T24T0

T3=T34R0

KF7=0

n




‘ 60 T010,200, 11 87
10 CALL NEN(H,N,L,ROJ'Z,T}.B,l}S;D:SO'DOyX'FyR)
20 CALL RESST UM NL LaKe X048 Ch 50 0030, D0 T XY
EL L' VAL TS LG K
(\FO.ER.L) G0 7D 3D

T
“F3

SR Fei Y g

PRPERSTFIR ChR Y]

“\::\Lk.x:‘l'}.\i\:?‘u‘M ,‘nn.‘ ETRED NS VR

} 7,370 G TT W
b x}.= s

RETUAN
30 CALL TLTA\ITI\JV LLL a1
CALL ROW(RZ.A1,LL T2, XY)
IF(K9.3T.0) GO 10 90
izl
RETRN _
IFRZ.GE. 11T) GO 70 100
CALL PIVOTIMKS, 17,07, LLAL X0 B Dhdi 0 Y)
95 Ki=K2+]

G0 T0 30
100 Ki=4

RETURN

END

L
=

'UBROUTINE REJEI(1,N Lok X B 8a 5 D 30: D0, Lhida X}
L RESET 3,0,1,J AND X
L' L‘LuAL B
REAL+Y X,10,57
DIMENSICN B(1),C40),540), 011,201 0, Do) . TLD JUL XD
teL% RESL(M,N. S0, 50,00)
X0=0,10)
k=1
[” U [1=1,}
VY u;-lxN
AI-H*\JI 11+11
IF(BLKTY) GO TD 10
1K}=11
b ) =dy
K=K+t
10 B\rT)'.lRuE

J7=d(K)
LTMR(T-1)+17
[FCNQT.BGKT Y GO TQ 79
$7:8117)
00 30 IH=1.L
IFOICIMY NE DTN IHUERL Y 30 T 20
rHEME (IR =10 417
IF(B‘*H)) GO TQ 40
J!- =7 X\'H)
30 CDNTIQbE
‘un |0 '\0
40 37=00J7)
3 50 [H=1.L
IF(JOIAY NE.J7.0R, TH.ERLX) 50 TO
FH=M&(1T-1 )41 (IH)
IF{BUH)) GO T0 45
S7=I7-X(IH)
S CSNTINUE
58 7\'.JDT BIKT)
X‘V
80 T0 70
59 Li=t
70 CONTINGE
IFiL].eD. 1) GO 70 5
03 30 e=t,L
KM (G =-134T(K)
30 A0=XQ+C (KT 1XUE)
RETURN
END

0




IBROUTINE (CROJL ML, T2, 1, dh
C RESEZ] X AND CHECK FOR INFERASIRILITY

REAL#Y X

DIMENSIGN [eliydctxif)

410
R 3( I8 L
A"'I JHEAR =1 )4

HyHE 8 4 l" LT. ") Lii=0,0

LF\XU: I.T T L) A"A
NTINCE

RETURN

END

SUBROUTINE SWAP(K.L1, 1, diX)
C Shar LDCATIONS INI,J AND X

REAL#3 X

DIHENSION 1(1) Ji). X1

19=1¢
l(Ll) I(K)
HK)=19
19=J(L1)
JILD=J(K)
JIK)=19
X9=X{L1)

1 L1=XK)
1K)=X9
RETURN
END

SUBROUT [NE RE:D(H gbs 10:50,00)

T RESEY S L D FROM S

DIPENSION Sr1), D(]),JO(I) po(1}

0 10 I=2.%
10 S(1)=80°
00 20 J=.od
20 (M=ot
RETURN
END

SUBROUTINE ROW(K?,A1,L1,TZi X Y)

L R0W SELECTION
REAL#*3 X.Al
DIPSNSIB“ 1LY

A1=1,0E20
00 10 K=1,L1

TECKCK) LT, -T2.0R Y KD LT.0.0) GO TO 1O
IFCX(K).GE.AY) GO T0 10

k9=,
AL=K(K}
10 CONTINUE
00 W0 ¥=1511
IFOX(K) LT, -T2, AND, I
20 CONTINUE
RETURN
K=k
Al=~1(K)
RETURN
END

[}
k=)

{K).GE, -A1L AND. YEK)LLT.0.0) GO TO 30
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SUBRDLTIN :'ETH“HN)LIRG!f‘.&'YT;I:::l Drdviiran
0 GET PRICES
Rt"‘L"’ 4P RyRUL 0
DIMENSION TCLh GO (DL PRI XD

.‘~7 e u.‘-l)n

hy Ji~1) %M
K

(
(
6.EQ.0) B3 TG G0
(K).GE.-TZ) C0=0,0
(K).LT.-T2) LO--FG+1.O
(IM).67.0,0,ANDLRCIOLGT.0.0) 6O T S0
(10) . ER.Q. 0. ANDLR \ (JO)V.EQ.0.0) 50 70 40
(I)).EQ.0.0) PLIO)=R(uDV-CO

XF(R(JD) EG.0.0) R(u0)=P(IO)+C0

GO TG 50
4) L1=t
S0 CONTINUE

TFILLLGT.0) GO TD 25

RETURN

END

30 I
I

_ _SUBROUTINE DELTALI7,J7.L,L1s1ads X0 Y)
£ COMPUTE PER UNIT CHANGES IN BASIS VARIRELES
REAL#3 X
DIH%NSION T X, YD)

J0=J7

ul) =)

Li=l

Lz=L

K7=0

00 10 K=Li,L2
IF(X7.EQ.0.ANDL T(K) LEQ. IO) G T3 15
TFIK7.E0. LLAND JEKDLEQ.JOY GO TO 15
CONTINUE

[F(LO.EQ.0Y GO TO 20

Li=l0

£=L2

L0=L0-1

’\_'\

LALL “SHAP(K, L1, 1 s X0
G0 10 20

15 xF(V GT.L1D) CALL WA (KL Ly X)
FONTLEROLANDL JILL L ED.JT) GO0 T A0
IF{K7.EQ.1.8ND, ItLI) EG.I7) G0 T0 40
L0=L0+]

L.=Li+

20 7=1-47
Ir'Lv EQ.0) G0 TO 20
AU- L )

Jo=J(L0)
G0 S

30 10=17
J0=47
GG 705

40 T0 =0 K=1,L

0¥

wn
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<




AD-A126 652  THE IDA/BPT CRISIS RELOCATION PLANNING MODEL: 3/’ N X
DESCRIPTION DOCUMENTATION A..(U) INSTITUTE FOR DEFENSE :

. ANALYSES ALEXANDRIA VA PROGRAM ANALYSIS..
UNCLASSIFIED E S PEARSALL ET AL. 22 DEC 82 F/G 9/2 NL




B2 s

o i
Rl 2

L = 5
L2 s pie

grrrrrrrEE

|

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963 A

v L veae ,




90

SUBROUTINE MIN(17.J7.D1,03,K6:73:M:N,B:C/P5R)
L MIN -J, SELECTS YARIABLE TO ENTER BASIS

LIGICAL B

REAL*8 P,R,D1,02

DIMENSION B(1). L(1)P01),R(1D

L=y

£ v
L=r(J-1)+1
Trt hOT Biky) G TN 10

IF\Kb EQ.1) 02=0.0
2=[2+P{1)-R{D)

IF{DABS(D2).LT.-T3) D2=0.0

IF{D2,GE.D1) GO TO 10

“ds

17=1

J7=d
10 CONTINUE
20 CONTINUE
RETURN
END

QJBROUTINE NEW{(M.N,L,/0,72,73,B,C+3,D,50,00: X, Py R)
L START PHASE 1
LOGICAL B
REAL#8 X,P.R.R0,D1
DIMENSION B(1),5(1),D(1),S0(11,D00¢1),(1)
DIMENSION X(11,P¢1],R(L}
CALL RESD{M.N,S,D,50,00)
5 10=1.m
00 5 JO=1,N
F=Mx(J0-1)+10
B{K)=, TRUE.
5 CONTINUE

KM J0-1)+10)

IF(C(E) LT -PCI0)) PLI0)=-CL(K)
30 CONTINUE

D0 40 JO=1,N

00 40 10=1,M

K=M#(J0-1)+10

IF(CI+P(I0) L LT.RED0)) RUJOI=CEKI+R(I0)
40 CONTINUE

g:;i +0E20

F6=0

45 CALL MIN(17,47,D1,D3:K6:73:M:NsBs L, P,R)
RTE{J7~1)417
IF(S{IT)LLT.DGIT)+T2) PLI7)=RO
IF(S{17).6T. DHJ7)-T2) R(J7)=-RO
B{K7)=, FALSE,
IF(S(IT)LGT.D0J7)) 50 7O 50
D(JI7)=DIJ7)-5(17)
S(17)=0.0

G0 TO 60

50 §(17)=8{17)-D1J7)
D{J7)=0.0

&0 K=K+l
IF(K.LE.L) GO TO 45
RETURN
END
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SUBROUTINE PIVOT(M.K9,17,J7,L1,A1: %0, B Ly do Ko YD
L PIVOT

LOGICAL B

REAL#3 X.¥0.41
DIMENSIGN B41),CCL)THLTJ01) X0, Y1)
19=1(9)

J7=gLEN
nEME(g7-11+19
$0=X0-Cik i #X (K}
Hixi=,TeUE,

' r7=ne7-1)+i7
B{K7)=,FALSE.
HK9)=17

JKFI=47
Y{K9)=-1,0
X(K9)=0.0

00 10 k=1,L{
K7=Ma(J(K)-1)+11K)
X0=X0-A1 &Y (K)*CIKT)
=X K -AL#YK)
CONTINUE

RETURN

END

i{




4.5 Data Files

MAP - Map File

Field

AU &N

Format

16
16
16
16
16
2X,4A4

USND - Nodes File

Field

VOOV WN

Format

I2

13

4X,11
11X,11,4A4
8X,2F9.4
344
2X,¥8.0
F8.0

4X,12

USNL ~ Links File

Field

WO OO WN =

o

Format

12
13
1%, 11
215
1X,12
13
1X,11
215
1X,12
15

Contents

State FIPS number

USND starting record number
USND ending record number
USLD starting record number
USLD ending record number
State name

Contents

State FIPS number

County FIPS number

Sequence number

Urban/Rural flag, County center name
Latitude, Longitude in degrees
County name

1980 Population (or 0)

County area (or 0)

FEMA risk code

Contents

Origin state FIPS code

Origin county FIPS code
Origin sequence number

Origin northing, easting
Destination state FIPS code
Destination county FIPS code
Destination sequence number
Destination northing, easting
Route characteristics

Highway number

92
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PLAERMA

ARIZCNA
ARKANSAS
CALIFUENIA

COLORRDO
CONKECTICUT

[ELARARE

DIST OF COLUMBIA
FLORIDA

GEQRGIA

1DAHO
ILLINDIS
INDIANA

10MA

KANSAS
KENTUCKY
LOVISTANA
HAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
MISSISSIFP]
MISSOURT
MONTANA
NEERASKA
NEVADA

NEW HAMPSHIRE
NEW JERSEY
NEW MEXTCO
NEW _YORK
NRTH CARDLINA
NORTH DAKATA
ORIO
OKLAHIMNA

OREGIN
FENNSYLVANIA

RHODE ISLAND
SOUTH CARGL INA
ZQUTH DAKOTA
TENNESEE

TEXAS

UTAH

VERMONT
VIRGINIA

WASHINGT(N
WEST VIRGINIA
WISCONSIN
WYOMING
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USND - Partial Dump

»-,-
VeTa ey e
5O AN 4

LI

.:b '.)" BENLA"JD

..L" ODENTC
16! ﬂE:\THLNISTER
226 CELKTON

155 CWALDORF

217 OCAMBRINGE

137 OFREDRICK

44 OGRANTSVILLE

197 OBEL AIR

167 GCOLUMBIA

211 OCHESTERTON
GERMAN

130 OLEXINGTON PARK
231 QPRINCESS ANNE
211 QERSTON

120 OHAGERSTOMN
234 O5ALISBURY
237 (PGCOMOKE CITY
131 1BALTIMORE
174 ODAVIDSONVILLE
215 OPERRYVILLE
142 QEMAITSBURG
28 OREDHOUSE

207 ORBERDEEN

217 0Y

98 OHANCOCK

262 QOCEAN CITY
;'033 OLIBERTY GROVE
178 0SAGAMORE

39 IPITTSFIELD
149 )

T D
7& 1SPRINGFIELD
74 ONCRTHHAMPTON
127 QLITTLETON
201 ONANTUCKETT
132 OFRANKLIN

172 GPLYMUSTH

146 INEW BEDFORD

YL
FHI\CE FREDRICK
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S, st

75. £200CKROLINE
77 GOO00ARROLL
75, 7326CECIL

38,6312 7b.915ECHARLES

36,5334  76.055S00RCHESTER
37,4122 77.34T2FREDERICK
39.6334 79, 149SGARRETT
39,5400 74 3200HARFORD
39,2922 T6.551AROWARD
39.1722  76.0LO0KENT y
39,1834 77.2702MONTGOMERY 579033,
38,7611 76, 7012PRINCE GEORGES 463071,
38,9922 76.0700QUEEN ANNES 25508,
38,2466  76,45343T MARYS 59855,
33,1967 75, 6356S0MERSET xiﬂp
32,7600 76.0742TALBCT
39,6389 T7.7356WASHINGTON 1 1"\‘0%
38,3700 75, 6GOOWICTMICO £4540.
38,0921 75.5431WORCESTER 20357,
39,3100 76,621 1BALTIMORE.MD P 7526775,
36,8379 74.7T37ANNE ARUNDEL 0.
39.5622 79.9872CECIL 0.
39,702 77.3542FREDERICK 0.
39.2738  79.467AGARRETT 0,
39.5311 76, 1341HARFORD 0.
391223 75,9992QUEEN ANNES 0.
29.7112  7B.16TTWASHINGTON 0.
38.3412 75.1155WIRCESTER 0.
L6634 76, 1174CECIL 0.
3984 77.5774FREDERICK 0.
41.7389 70.5233BARNSTABLE . 147923,
42,4434 73.Z300BERKSHIRE 145110
41,8878 71.1017BRISTOL 478441,
41,4200  70.4933DUKES 8942,
42,5455 70.9974ES5EX 533632,
42,5300 72, S700FRANKLIN 44317,
42,1100 72,5200HAMPDEN 443013.
42,3678 72.541THAMPSHIRE 138313,
42,5923 71.5172MIDDLESEX 1367034,
51,2600  70.0900NANTUCKET 5087,
42,0911 71,426 INORFOLK £046587.
41,9422 70, 6450PLYMOUTH 405437,
42,3292 71.03005UFFOLK FSD 430144,
42,2666 71.7G06WORCESTER 446352,
2ecb¥9 73, 252IEERESAIRE Q.
41,6999 71.1400GBRISTOL 0.
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21 143 z4021 0
27 157 40430
0 113 120 23043 1
255100 0 181 2407 0
Sdus7 g 89 167 2402
24510 0 90 181 24003 0
28021 0 97 137 24083 0
23083 0 113 120 24043 |
23043 1 118 98 24001 0
28001 0 114 66 28023 0
28001 0 118 66 24023 0
2A003 1 &1 178 24003 9
23003 O A5 187 24035 0
23033 0 468 210 24041 0
24041 O 52 211 28019 0
24019 0 40 212 24045 9
24043 0 25 236 24047 |
24017 0 43 163 24037 0
240330 54 177 24009 0
24310 0 S0 181 24003 |
28003 1 &1 174 24033 0
23033 0 34 177 28017 0

24510 0 90 181 24003 0

28021 1 117 142 24021 0
24021 0 97 137 24021 2
28021 1 117 142 24013 0
24013 0 108 [6l 24510 0
28510 0 90 181 240235 0
28025 0 107 197 24015 2
25100 90 181 24025 1
28025 1 105 207 24015 {
280151 108 215 24013 0
23510 0 30 181 24025 1
25025 1 109 207 24015 1
28015 1 108 215 24015 0
24085 0 25 236 24039 0
28039 0 13 231 24047 0
28047 1 23 262 28047 Q
28033 0 48 210 24035 1
28035 0 48 210 24011 9
26029 0 82 211 24035 |
28029 0 82 11 24015 0
28023 0 116 44 24023 |
28027 0 B9 169 24310 0
11001 0 62 160 280 »
11008 0 62 160 2450, 0
11001 0 62 160 24510 0
11001 0 62 160 24027 0
11001 0 &2 160 23510 0
11001 ¢ 42 160 14003 1
£i001 0 62 160 9033 D
11001 0 62 160 24017 0
42051 0 131 7 24023 9
42111 0 141 33 24023 0
42009 0 142 82 24001 0
420357 0 133 102 24043 1
42055 ¢ 131 125 24043 0
42059 0 131 125 24043 0
42001 0 126 (49 24021 1
42001 0 126 149 24013 O
42057 0 133 102 24043 |
42133 0 134 174 24005 0
42071 0 141 199 24015 2
42029 | 125 218 24015 2
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The IDA/BPT Crisis Relocation Planning Model: Descciption,
Documentation and Users' Guide to the Computer Program. (IDA
Record Document D-11) by Edward S. Pesrsall, BPT, Robert C.
Bushnell, BPT under subcontract for the Institute for Defense
Analyses, (Contract FEMA EMW-C-0749C)

Abstract

This report describes work performed by Bushnell, Pearsall and
Trozzo, Inc., under subcontract with the Institute for Defense Analyses
on Task A-1 of IDA Contract No. EMW-C-0749 with the Federal Emergency
Management agency. Task A-l calls for the development of "a model to
simulate population movement during an evacuation from the risk area
to the various host areas over s transportation netwvork."

This report describes, documents and provides a user's guide to a
svstem of computer routines which perform the various computations re-
quired to apply a crisis relocation model developed jointly by IDA and
BPT, Inc. The computer routines together comprise an interactive system
resident on the FEMA Univac 1108 facility. The model and its attached
national data base can be used to analyze in detall the evacuation of
risk areas anvwhere (n the coatinental Uniced States under a wide raage
of different assumptions regarding the assignment of reception areas and
the performance oi the transportation system during the evacuationm.

The IDA/BPT Crisis Relocatfon Planning Model: Description,
Documentatfon and Users' Guide to the Computer Program. (IDA
Record Document D-11) by Edward S. Pearsall, BPT, Robert C.
Bushnell, BPT under subcontract for the Institute for Defense
Analyses, (Contract FEMA EMW~C-0749C)

Abstract

This report describes work performed by Bushnell, Pearsall and
Trozzo, Inc., under subcontract with the Inatitute for Defense Analyses
on Task A-1 of IDA Contract No, EMW-C-0749 with the Federal Emergency
Management Agency. Task A-l calls for the development of "a model to
simulate population movement during an evacuation from the risk area
to the various host aress over a transportastion network."

This report describes, documents and provides a user's guide to &
system of computer routines which perforw the varfous coumputations re-
quired to apply a crisis relocation model developed jointly by IDA and
BPT, Inc. The computer routines together comprise an interactive systea
resident on the FEMA Univac 1108 facility. The model and icts attached
national data base can be used to anslyze in detail the evacuation of
risk areas anvwhere in the continental United States under s wide range
of different assumptions regarding the assignment of recepticn areas and
the performance of the transportation system during the evacuation.

The IDA/BPT Crisis Relocation Planning Model: Description,
Pocumentation snd Users' Guide to the Computer Program. (IDA
Record Document D-11) by Edward S. Pearsall, BPT, Robert C.
Sushnell, BPT under subcontract for the Institute for Defense
Analyses, (Contract FEMA EMW-C-0749C)

Abstract

This report describes work performed by Bushnell, Pearsall snd
Trozzo, Inc., under subcontract with the Ilnstitute for Defense Anslysq
on Task A-1 of IDA Contract No. EMW~C-0749 with the Federal Emergency
Management Agency. Task A-1 calls for the development of "a model to
simulate population movement during an evacuation from the risk ares
to the various host areas over a transportation network."

This report describes, documents and provides a user's guide to &
system of computer routines vwhich perform the various computations re<
quired to apply a crisis relocation model developed jointly by IDA
BPT, Inc. The computer routines together comprise an interactive sy
resident on the FEMA Univac 1108 facility. The model and its attac
national data base can be used to analyze in detail the evacuation of
risk areas anywhere in the continental United States under a wide r.
of different assumptions regarding the assignment of reception areas
the performance of the transportation system during the evacustion.

The 1DA/BPT Crisis Relocation Planning Model: Description, ‘
Documentation and Users' Guide to the Computer Program. (IDA j
Record Document D-11) by Edward S. Pearsall, BPT, Robert C.

Sushnell, BPT under subcontract for the lastitute for Defense [
Analyses, (Contract FEMA EMH~C-0749C)

Abstrace

This report describes work performed by Bushnell, Pearsall and
Trozzo, Inc., under subcontract with the Institute for Defense Anal
on Task A-1 of IDA Contract No, EMW-C-0749 with the Federal Emerge
Management Agency. Task A-l calls for the development of "s model
simulate population movement during an evacuation from the risk arel
to the various host areas over a transportstion network.”

This report describes, documents and provides a user's guide to |
system of computer routines which perform the various computations d
quired to apply a crisis relocation model developed jointly by IDA &
BPT, Inc. The computer routines together comprise an interactive oy
resident on the FEMA Univac 1108 facility. The model and its attecl
national data base can be used to analyze in detafl the evacuation ¢
risk areas anywhere in the contfnental United Staces under a wide rf
of different assumptions regarding the assignment of reception aresf
the performance of the transportation system during the evacuation.
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